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More than twenty years have elapsed since active work was begun
to import from their native homes and liberate in the United States
the parasites and natural enemies of the gipsy moth, Porthetria dispar
Linnaeus, and the brown-tail moth, Nygmia phaeorrhoea Donovan.
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At the time this work was initiated, many of the towns in eastern
Massachusetts within a radius of 30 miles of Boston were swarming
with caterpillars of these insects, and hundreds of thousands of acres
of forests, as well as 1nost of the parks and residential sections of the
cities and towns, were overrun with these pests. To make con-
ditions far more serious, there were known to be vigorous colonies of
these insects throughout southeastern New Hampshire and in York
County, Me., in Providence, R. L., and in the towns surrounding.

The statements of multitudes of citizens who suffered inaterial loss
as well as personal inconvenience were fully as emphatic as were those
of the entomologists who were called upon to review the situation and
to attempt some measure of relief from the ever-increasing hordes of
these pests. For a few yecars hand-control measures, although vigor-
ously applied, resulted in little relief, except in linited areas where
the most intensive work was done, and completely defoliated areas in
late June and July bore witness to the dangers which threatened the
tree growth of New England.

The idea of bringing to this country the natural enemies of these
pests was hailed with enthusiasm, and hope was frequently expressed
that speedy relief would result.

In 1911 a report on this work was published by Howard and Fisk
(14)', which reviewed the efforts made and the results obtained up to
that time.

This attempt to introduce parasites and natural eneinies to con-
trol two closely related foreign pests was the largest in scope that had
ever been planned and executed, and no appreciable relief was evi-
dent at the time this report was published. The gipsy and brown-
tail moths had continued to spread and enorinous areas were defoli-
ated each year in outlying territory, in spite of the fact that some of
the most promising parasites had begun to obtain a foothold and that
intensive control work had been undertaken by all the States con-
cerned and by the Federal Government.

The difficulties of securing parasites and of establishing them sue-
cessfully in a new country were not fully realized at the time the work
began, and the period which was required to make even a slight
reduction in the swarms of their fecund hosts could not be estimated.
Many of the basic facts relating to the habits of the beneficial species
which it was sought to introduce, as well as to the proper methods for
the handling and successful transportation of these delicate and insome
cases minute species, were to be learned by years of constant experi-
ment and study. Furthermore, the popular idea that a single species
of parasite might suffice in effecting control proved to be fallacious
for this does not happen in the native homes of these two pests.
The difficulties of the problem were further enhanced and the final
resutts were somewhat clouded because of the fact that in many
countries in Europe, as well as in northern Africa and Japan where
parasites are present and are periodically effeetive, there are periods
when the hosts become excessively abundant.

The work on the introduction and colonization of natural enemies
has been continued even wnore intensively Since the bulletin cited was
published, and it is being pushed at the present time. As the years
passed by, more knowledge was obtained by experience and from

1 Reference is made by italic numbers in parentheses to * Literature cited,” p. 145.
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DIFFERENT STAGES OF THE GIPSY MOTH (PORTHETRIA DISPAR)

Egg mass on center ot 1wig; female moth just below ; female moth, Japanese variety, lower left; male
moth immediately above; fel moth immediately dlm\v' male moth with wings folded, npper left;
male chrysakisat right ofl!m female chrysalisagain atvight; larva at center.  All about fom-fitths uatural
size. (Howard and Fiske)
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experimental work, and it is the purpose of this bulletin to review
briefly the results obtained.? ) )

In order that the relation of the imported parasites to their hosts
may be understood, a brief description of the life history.and habits
of the gipsy moth and the brown-tail moth is given.

LIFE HISTORY AND HABITS OF THE GIPSY MOTH,
PORTHETRIA DISPAR LINNAEUS

EGGS

During 9 or 10 months of the year the gipsy moth is in its egg stage
(fig. 1). Most of the eggs are laid during July, although some are

Fia. 1.—Life cycle of the gipsy moth

aot laid until August. They are laid in layers protected by buff-
colored hairs from the abdomen of the female as shown in the lower

* During the progress of the work on glpsy moth and brown-tall moth parasites hundreds, perhaps
thousands, of men have asslsted In making possible the results set forth. Tbe{ include not only the men
directly employed in this work at the gipsy-moth laboratory at Melrose Highlands, Mass., hut a host of
other State, Government, and town officials, as well as many cltizens whose suggestlons and Information
concerning local conditions have been Invaluable. Entomologists and other officlals In many foreign
iands have afforded every help within thelr power and many of the emhassies and consuis of the Unlted
States in foreign countries, and the Unlted States Dispatch agent in New York Clty, have smoothed the
way for foreign investigations and made possible the expedltious disanh and dellvery of shipments of
parasites when time was the vital factor and when a slight deiay might have meant the death of the delicate
materinl in the shipments and the possible failure of an entire season’s work. To all who have assisted this
work in any capacity grateful acknowledgement is extended.
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right corner of Plate 1. The number of eggs varies considerably,
but averages from 300 to 400 for each cluster. They are deposited
on the tree trunks and on the under sides of the branches. Sometimes
they are found on the leaves and often on a great variety of objects
on the ground near trees. Hatching starts mn the spring when the
new leaves begin to appear, which is usually during the first two weeks
of May. It continucs over a period of several weeks, but the height of
hatching occurs within a week.

LARVAE

Newly hatehed caterpillars measure only 3.5 millimeters in length.
They feed on the leaf hairs and later perforate the opening leaves. The
larvae develop rapidly, and the quantity of food they consume increases
very materially as they approach maturity. Sixth-stage caterpillars
immediately after molting measure from 30 to 35 millimeters in
length. Their bodies are creamy white marked irregularly with black
which gives a grayish appearance, and they have a pair of blue dorsal
tubercles on each of the segments from the second to the sixth,
inclusive, and a pair of red ones on the seventh to twelfth segments,
inclusive. These are characteristic of the large larvae and are quite
conspicuous. The caterpillars become full grown early in July.
Female moths develop from sixth-instar caterpillars (18), and males
from the fifth instar.

A study of the food plants has been made (17), which resulted in
their arrangement into four classes according to the degree of favor-
ability as food for this insect. Among the most favored food plants
are oak, apple, some of the birches, linden, beech, aspen, and willow.
Several of the conifers are favored as food by the larger caterpillars,
and the blueberry, cherry, elin, hickory, and maple are often freely
caten.

PUPAE

The caterpillars pupate early in July. The pupae are chestnut
brown and are often found in clusters attached to trees, or other
objects, by fine silken threads. Many femnale pupae are an inch or
slightly more in length. The male pupae average somewhat smaller.
The pupae are provided with characteristic tufts of ocher-yellow
hairs. About 10 days after pupation the moths emerge.

ADULTS

The male moths emerge before the females and fly about in a
zigzag course. They measure from 1}4 to 2 inches from the outside
point of one expanded wing to that of the other and are dark brown
with darker markings on the wings. The females are larger than the
males, measuring from 1Y% to 214 inches between the tips of the
spread wings. They are of a light cream color with dark wing mark-
ings, and their abdomens are greatly distended with eggs, which
makes themn clumsy, and as a result they are unable to fly. Mating
occurs very soon after the females have emerged. Egg laying begins
soon after fertilization and the majority of the eggs are deposited dur-
ing the first day of oviposition, although several days may be required.
As the eggs are deposited the abdomen of the female shrinks, and she
usually lives only a short time after laying.
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DIFFERENT STAGES OF THE BROWN-TAIL MOTH (NYGMIA PHAEORRHOEA)

Winter nest at upper left; iale and female woths, lower right; cocoon in leaf, u ight;
temale chrysalides above, male at left; full grown larvain center, to left small larvae EE;L&%n llmlllil‘?]l')e(-ll:)lvlvd
female ovipositing on leaf; lower lett corner, egg cluster broken open showing eggs. Web and fnll'.gmwﬁ
tarva X ). chrysalides and egy clusters X §, adults X ;. (Howard and Fiske)
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LIFE HISTORY AND HABITS OF THE BROWN-TAIL MOTH,
NYGMIA PHAEORRHOEA DONOVAN

EGGS

The eggs of the brown-tail moth are usually laid on the under side
of a leaf. They are placed in a eluster, usually smaller than the
gipsy-moth egg eluster, measuring about one-half inch in width and
two-thirds of an ineh in length. The average eluster eontains about
300 eggs and is given a reddish-brown eolor by the hairs from the
abdomen of the female,in whieh the eggs are packed. At the lower
left of I’late 2 a brown-tail moth is shown in the act of depositing an

T
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F16. 2—Life cycle of the brown-tail moth

cgg eluster, aud also a completed egg eluster on the samne leaf. Just
le?ow is seen one of the clusters broken open. They are usually
deposited during the middle or last of July (fig. 2). 1)1'1 contrast to
the gipsy moth, whieh remains within the egg during the winter, the
brown-tail moths hateh during August and the smal?eaterpi]lars feed
before entering their hibernating quarters.

LARVAE

The newly hatehed larvae are simaller than the g'ouni; gipsy-moth
larvae. They feed in groups on the upper surface of the leaf and after
molting begin the eonstruetion of their hibernating web.
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This web is constructed by the small caterpillars drawing together
several terminal leaves, often near the egg cluster, and securely fas-
tening them with silk. The larvae from one or more egg clusters often
feed together until cool weather sends them into their hibernating
webs. The web is very tough and full of pockets in which small

roups of the caterpillars pass the winter. The webs are gray and
%rom 3 to 6 inches in length.

The larvae issue from the webs usually in April when the early leaf
buds are beginning to open. The small caterpillars feed on the leaves
and fruit buds and later, as they develop, devour practically the entire
leaf, often completely defoliating the trees. The larvae become full

rown about the middle of June, at which time they are about 2 inches
igong. They have a general brown appearance with a broken white
stripe on each side of the body. A conspicuous orange-red tubercle is
located dorsally on the sixth and on the seventh abdominal segments.

Apple and pear are especially favored food plants of the brown-
tail moth larvae, although plum, oak, willow, and wild cherry are often
attacked. The larvae sometimes feed on elm, maple, and rose and
occasionally attack hickory, ash, chestnut, and birch, but never
conifers.

PUPAE

The full-grown caterpillars spin loosely woven cocoons and in these
they pupate. The cocoons are found, clustered or singly, in leaves
and on the trunks and under sides of the branches. The pupae are
dark brown, and about five-eighths of an inch long. Approximately
two weeks after pupation the adults emerge.

ADULTS

Emergence usually occurs during the first week of July, but varies
with the season. The moths are pure white except the tip of the
abdomen, which is thickly studded with brown hairs. The abdomen
of the male is slender, that of the female much stouter. The female
measures between the tips of the expanded wings about 114 inches,
which is slightly greater than the wing expanse of the males. Both
sexes are strong fliers and are attraeted to bright lights, near which they
are often seen in large numbers during tlhe first half of July.

INTRODUCTION OF THE GIPSY AND BROWN-TAIL MOTHS
AND THE EARLY WORK AGAINST THESE PESTS

The gipsy moth was brought to America in 1868 and was accidentally
established in Medford, Mass. The insect had become so destructive
by 1890 that the State of Massachusetts began active field operations
for the purpose of exterminating it. After the discovery of the brown-
:;11'11 moth In the same territory measures were taken for its control

s0.

The brown-tail moth was discovered in Somerville, Mass., in 1897
and had probably been imported a few years before on nursery or
florists’ stock. At the time this insect was first noticed, fruit and shade
trees were being seriously defoliated.

From May, 1891, to February, 1900, admirable eontrol work against
the gipsy moth and the brown-tail moth was conducted. In fact the
work was so successful in bringing about a searcity of these insects
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that those responsible for making eontinued appropriations eonsidered
that further work was unneeessary, and the project was abandoned.
With the present knowledge of eontrol and eradication work it seems
reasonable to believe that both the gipsy moth and the brown-tail
moth could have been exterminated if the work had been eontinued.
There were only 359 square miles sparsely infested by the gipsy
moth. The area infested by the brown-tail moth probably was greater,
but the eradication of this inseet would have been more easily aeeom-
plished than the eradication of the gipsy moth. The amount of
money necessary to finance sueh an extermination project would have
been only a small portion of the sum that has subsequently been
oxpende(g :

THE ABUNDANCE AND SPREAD OF THE GIPSY MOTH AND
THE BROWN-TAIL MOTH FROM 1965 TO 1927

The abandoninent of the eradication projeet for five ycars allowed
the moths to increase enormously and to spread to such an extent that
when the work was started again in 1905 the gipsy moth was found
over an area eovering 2,224 square miles, and the brown-tail moth
over an area even greater. ‘The gipsy moth had become established
in Maine, New Hampshire, and Rhode Island, while the brown-tail
moth had spread the entire length of the Atlantic coast line from
Nantucket, Mass., to Eastport, Me., and St. John, New Brunswiek.

There are many published reeords depieting the abundanee of these
insects. The following statement by A. H. Kirkland (15, p. 12),
superintendent of the work in Massachusectts, prepared during the
late fall of 1905, gives an idea of the seriousness of the situation:

As would have been expected, during the years 1900 and 1901 but little notable
damage was caused by the gipsy moth, although evidenee was not wanting to
the trained observer that it was rapidly multiplying in woodlands and on neglected
private estates. It was apparent that nonresident property owners particularly
paid practically no attention to the increase of the inscct, and that farmers
and others owning infested woodland areas were unwilling, because of the expense,
to fight the pest. In 1902 numerous estates were severely injured throughout the
central district, while woodland colonies of some magnitude had devecloped from
which the insects were swarming in all dircctions. The summer of 1903 showed
that the moth had established itself again in alarming numbers in various parts
of the infested district.  Serious colonies had developed in the woods of Arlington,
Medford, Sstugus, and Malden, and the Lynn Woods colonies had assumed notable
proportions. In 1904 it was apparent to all that the gipsy moth had developed toa
remarkable degree, reinfested the areas from which it had been cleared and even
cxtended its bounds into previously non-infested territory. The caterpillar out-
break was sufficient to convince every tree lover of the necessity of concerted
action against the moths. While in many places in the afflicted district the trees
under the charge of municipal authorities were cared for with considerable success,
private estates and woodlands in June and July presented shocking scenes of devas-
tation. In mnany places the work of fire could not have been more thorough or
alarming. Fromn Belmont to Saugus and Lynn a continuous chain of woodland
colonics presented a sight at once disgusting and pitiful. The hungry caterpillars
of both species of 1oths swarmed everywhere; they dropped on persons, carriages,
cars and automobiles, and were thus widely scattered. They invaded houses,
swarmed into living and sleeping rooms and even inade homes uninhabitable.
Thousands of cases of poisoning of human beings resulted from the swarming of the
browu-tail caterpillars. Real estate in the worst infested districts underwent a
notable depreciation in value. Worst of all, pines and other conifers—altogcther
too scarce in eastern Massachusetts—were killed outright by the gipsy moth cater-
pillars, while shade trees and orchards were swept bare of foliage. Property
owners who were disposed to care for their own estates suffered and became dis-
couraged from the neglect of their neighbors. It was evident that the moth pests
were in the ascendency, and that they could be controlled only by prompt,
thorough and systematic effort,
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Many of the conditions just described continued for several years,
although, in general, the suppression work prevented a great deal of
such devastation in residential seetions and along the main thorough-
fares. Inspite of the artificial control work which was done the insects
continued to spread, and as the years passed they gradually became
abundant over the greater part of the eastern half of Massachusetts,
the northeastern corner of Rhode Island, the southeastern half of
New Hampshire, and the southwestern quarter of Maine.

The gipsy moth spread far beyond these sections, and several
rather serious infestations were found in Pennsylvania, New Jersey,?
and Ohio. All of these have bcen exterminated exeepting a severe
infestation in New Jersey, which was located in 1920 and found to have
spread over approximately 400 square miles. Work is being con-
dueted jointly in this areca by the State and Federal forces. The arca
infested and the intensity of the infestation have been greatly re-
duced, and extermination of the inseet in New Jersey scems probable
if the work is continued for a few years longer. In 1924 a gipsy-moth
infestation was found by the Canadian entomologists a few miles
north of the international border near the New York and Vermont
State lines. This infestation seems to have been cradicated, but
work is being continued there to make positive the absolute exter-
mination of this colony.

In the older infested area conditions had begun to improve by 1920,
and during the following four or five years less defoliation was caused
by the gipsy moth than for any period sinee the work was begun in
1905. In 1925, however, a serious infestation sprang up over a con-
siderable arca on Cape Cod which in 1926 increased in area and inten-
sity. A earcful survey of conditions there showed that about 60,000
acres were completely or partially defoliated. This year also showed
a marked increase of the gipsy moth over a considerable part of the
older infested area in New England. The insect continued to increase
in abundancc in 1927 over a large part of the older infested territory,
and a survey ineluding the heaviest infested areas in all of the New
England States showed partial to complete defoliation in about 140,000
acres. Over half of this area was from 75 to 100 per cent defoliated.

The brown-tail moth infestation inereased in a similar manner,
but its deerecase in abundance over the area as a whole began a few
years sooner than it did in the case of the other inseet. It has been
persistently abundant in a section in southeastern New Hampshire
and southwestern Maine during most of the period. The reports
for the year 1927 indicated that this species also was somewhat more
abundant than during the previous years.

In recent years the field-control work to prevent further spread of
these insects undertaken by the Bureau of Entomology of the United
States Department of Agriculture has been confined to an area,
known as the barrier zone, in western New England and eastern New
York, to prevent the westward spread of the gipsy moth. The in-
fested New England States are confining their efforts to the control
of this insect east of the zone, and the State of New York is working
in close cooperation with the Federal Government in the border
zone. The reduction of infestation in the older infested territory
caused by the inerease of parasites and field-eontrol operations has
contributed materially to the excellent results that have been obtained

1This is a separate introduction, not spread from New England.
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in the barrier zone. Long-distance spread has been prevented by
the enforcement of quarantine regulations, and shipments originating

|
' DISPERSIGN « ‘
OF THE PRINCIPAL = i~
INTRODUCED ENEMH—:L] A
or THL A \\F i
G1PSY AND BROWN-TAIL MATHS i¥ |
1927 S

I L.h = = Fr o '.:_.

Fia. 3.—Dispersion of introduced enemies of the gipsy moth and the brown-tail moth, 1927.
The horizontally lined section is the area quarantined because of the brown-tail moth, This
area together with the perpendicularly lined section is the area quarantined for the gipsy
moth, The limits of the present-known dispersion of the principal introduced enemies of
the gipsy moth and the brown-tail moth are shown by the lines on the map

in the infested territory of products likely to carry infestation are
carefully inspeeted before movement is allowed to points outside.

The present dispersion of these insects, as indicated by the area
quarantined because of them. is shown in Figure 3.



10  TECHNICAL BULLETIN 86, U. 8. DEPT. OF AGRICULTURE

EARLY FOREIGN WORK

In the spring of 1905 the Massachusetts Legislature passed a bill
deelaring the gipsy moth and brown-tail moth publie nuisanees and
providing for their suppression. A. H. Kirkland was appointed
superintendent, in general charge of the work of suppressing these
moths. In addition to the appropriation of funds to meet the expenses
ineurred by the moth-suppression work, an appropriation was made
for the purpose of experimenting with the natural enemies of the
moths. The latter appropriation was used, with a small appropria-
tion made by Congress, for the purpose of studying and importing
the natural enemies of the moths. Very soon after the beginning of
the work the superintendent enlisted the advice and serviees of
L. O. Howard, Chief of the Burcau of Entomology, United States
Department of Agrieulture, to supervise the study and introduetion
of the natural enemies of the moths. Doetor Howard immediately
corresponded with several entomologists in regard to sending to this
country the natural enemies of the gipsy moth and the brown-tail
moth, and on June 3 he sailed for Europe and held eonsultations
with many officials and entomologists of several eountries. This
resulted in the reeeipt of a number of shipments of parasite material
during the season.

In Doctor Howard’s first report (15, p. 125) to the superintendent
for suppressing the gipsy moth and brown-tail moth he refers to
the fine cooperation of the “official entomologists of Europe,” and
says:

* % * gll have cxpressed a hearty desire to cooperate with the United States
government and with the government of the State of Massachusetts in their work.
Their personal endeavors have been at our service, and their expert advice has
been of much assistance.  In many cascs they have been good enough to select
and rccommend agents, who have been paid for their services from the State

appropriation. The personal scrvices of the official entomologists, however,
have been gratuitous.

Mention is made here of this early cooperation of foreign entomolo-
gists in this work, since their interest and hearty eooperation from the
beginning to the present time have made the work possible.

The State of Massachusetts and the Federal Governmment eooperated
in this investigation from 1905 to nearly the end of 1911, when a
reorganization was arranged, and the Bureau of Entomology took
over the laboratory and importation work in its entirety.

During these years Doctor Howard made several European trips,
and at first arranged with a number of European entomologists and
ageneles to send to America large colleetions of the various stages
of the gipsy moth and the brown-tail moth, and their natural enemies.
Prior to 1912 this work was enlarged, and several experts employed
by the Bureau of Entownology went to Europe and Japan to study
these pests in their native lands and to send their natural enemies
to this country. In 1914 the foreign work had to be abandoned
because of the outbreak of the \Vorlf War, and no further investiga-
tious were mnade until 1922,
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RECENT FOREIGN WORK

Since the spring of 1922 the Bureau of Entomology has been con-
ducting the foreign work; endeavoring to introduce several natural
enenies of the gipsy moth which apparently did not become established
during the former importation work. In the earlier work several of the
species were never received and liberated in satisfactory numbers;
and others, although colonized in large numbers, were liberated under
conditions which were not favorable to their establishment.

The foreign parasites which have been received at the gipsy-moth
laboratory (fig. 4) during the last few years have been obtained, for
the most part, by rearing them in their native countries from gipsy-
moth caterpillars.

During the spring of 1923 the junior author, accompanied by R. T,
Webber, made a search for gipsy-moth infestations in France, Spain,

¥1G. 4.—The gipsy-moth laboratory yard and insectary at Melrose lighlands, Mass. (Burgess)

Italy, Germany, Austria, Hungary, Rumania, and Poland. In only
two of these countries were gipsy-moth infestations found which were
of sufficient size to warrant establishing temporary laboratories
where caterpillar collections could be made. An indication of the
scarcity of the gipsy moth over a large part of Europe was shown the
previous year when the junior author searched for gipsy-moth infesta-
tions over much of the territory of the first four countries nained, and,
excepting in Spain, was unable to locate an infestation of suflicient
size to make possible large collections of the caterpillars.

After a search had been made in several countries without success,
a gipsy-moth infestation of medium intensity was located at Debrecen,
Hungary (11), a town about 120 miles east of Budapest. Ilere
arrangements were made for laboratory quarters (fig. 5, B), a large
nunber of wooden trays with cloth bottoms were made, and the col-
lection of large numbers of caterpillars was begun. During the scason
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over 100,000 caterpillars were obtained, from whieh about 44,000
parasites were reared. A few small trays containing 100 eaterpillars
each were also kept. From these it was possible to gather more ae-
eurate information on the degree of parasitism than eould be obtained
from the large trays, each of which eontained several thousand gipsy-
moth caterpillars. The records obtained from the small trays showed
that about 70 per eent of the eaterpillars were parasitized. More
than one-half of this parasitism was eaused by the two tachinids
Phorocera agilis and Sturmia scutellata.

Caterpillars were eolleeted almost every day_as long as it was pos-
sible to find them. Each day the eaterpillars in the trays were sup-
plicd with fresh oak foliage, and the remains of the previous day’s
feed removed. Tachinid parasites were praetically the only ones
reared in this work. The maggots were reinoved eaeh day as they
issued, and placed in a large box eontaining fine damp sawdust,

F16. 5.—Buildings used as temporary insectaries during the recent European parasite investigations:
A, At Baja, Hungary; B, Debrecen, Hungary; C, Madrid, Spain; D, Galgamacsa, Hungary

in which they formed their puparia. Several times during the season
these puparia were separated from the sawdust and paeked in boxes
with new sawdust for shipment to the United States. Wooden boxes,
about 6 inches long, 4 inches wide, and 3 inehes deep, served well for
shipping tachinid puparia. These boxes were then paeked in larger
ones of eonvenient size for transportation in the eold-storage room
of a steamer going to the United States.

. In 1924 the work was enlarged, and eonduected in two laboratories
in Spain, and one caeh in Poland, Yugoslavia, Bulgaria, and Hungary.
That year S. M. Dohanian aceompanied the junior author and Mr.
Webber. Mr. Dohanian remained in Spain and carried on the work
there. About 75,000 gipsy-moth caterpillars and pupae were handled.
Most of the caterpillars were kept in Spain to obtain the parasites.
The majority of the pupae were sent to Melrose Highlands, to be held
there for the issuance of the parasites. The studies in Spain were
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conducted in two separate areas, one at Madrid, and the other about
150 miles south of Madrid, at Villanueva de Cordoba. Through the
kindness of Manuel Aull, director of the laboratory of the forest fauna
of Spain, also chief of the service for the study and extinction of forest
plagues, space in Government laboratories at both of these places
was given for these investigations.

In Poland arrangements were made to collect large numbers of
gipsy-moth caterpillars, but the gipsy-moth colony selected for the
work was so greatly depleted in the second larval instar by an extraor-
dinary abundance of the braconid parasite Apanteles porthetriae
that only about 19,000 of the fifth and sixth instar caterpillars could
be collected. The majority of these died in the trays in the insectary
from an epidemic of discase similar to “wilt,” so only a few tachinids
were obtained from Poland.

Here was an example of a heavy gipsy-moth infestation, which
apparently had developed to severity almost within a year, being
overcome by natural agencies the first season of its abundance. In
this case the intensity of the infestation was greatly reduced early
in the summer by A. porthetriae and later most of the remaining
caterpillars and pupae died of disease. A. liparidis was also present,
as were several tachinids. Only a few more than 1,000 tachinid
puparia were obtained, but dissections of the caterpillars indicated
that many more would have been secured had the caterpillars not
died of the disease.

Considerable difficulty was experienced in Yugoslavia in locating a
gipsy-moth infestation of sufficient intensity for parasite-rearing work.
During the carly spring a location was found in the northern part of
that country where a light to medium infestation of egg clusters was
found. On the trees were both old and new clusters, with the old
ones predominating. The conditions here indicated that this infesta-
tion was subsiding, and it was supposed that the few thousand cater-
pillars which might be collected would be highly parasitized. Later
in the season, however, when it was time to make collections of cater-
pillars for the rearing of techinids, it was found that this infestation
had been so greatly reduced that caterpillar collections could not be
made. It was evident that A. porthetriae had played an important
part in the reduction. A. liparidis also was found but there was
little evidence of disease. Another small infestation was finally lo-
cated, limited in area and of light intensity, where about 20,000 large
gipsy-moth caterpillars and pupae were collected. It was possible
to collect this number only through the perseverance of Madame
Anna Bragina (Mikrina), of the laboratory for the study of tropical
diseases at Belgrade, whose services had been obtained for the summer.
Over 60 per cent of these were parasitized, Phorocera agilis and Sturmia
scutellata being the principal parasites, the former the more abundant.

After a survey of most of Bulgaria, there was found in a small
town near its center the only gipsy-mmoth infestation in that country
which was of sufficient intensity to furnish parasites for shipment to
America. The infestation was mediuin to heavy in intensity, but
limited to a few thousand fruit trees. Near the infestation was an
old mill, part of which was at once converted into an insectary. About
120,000 gipsy-moth caterpillars were collected and from these over
20,000 tachinids were obtained.
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At Debrecen, Hungary, the same building was used for an insec-
tary that had served in 1923. The location of the gipsy-moth infes-
tation was somewhat different from that of the previous year. The
area where the caterpillars had been collected that summer was
relatively frec from that insect this season. Several other places,
only a few miles distant, were found for the caterpillar collections.
About 300,000 gipsy-moth caterpillars were obtained and fed in
the trays. These yiclded a large number of tachinid puparia,
32,000 of which were placed in hibernation at the gipsy-moth labor-
atory at Melrose Highlands. The decrease in the gipsy-moth infes-
tation at Debrecen during the summer of 1923 was due largely
to the parasitism of P. agilis although several other tachinids were
recovered, S. scutellata being next in importance. A. porthetriae
and A. liparidis were present, the former being much more abundant.
Calosoma sycophanta played a small part in the natural control of
the gipsy moth at this place. The wilt disease was very scarce
throughout the season and was not an important factor in the control.
In 1924 the infestation had a similar history, although in that year
A. porthetriae was much more abundant than in the previous year.
Because of the scarcity of the gipsy moth at Debrecen in 1925,
a new place i1 which to carry on the work in Hungary had to be
found. Only one station in Spain (fig. 5, C) was continued in the
1925 work, but a new one was opened in Portugal. The work at
these stations was cared for by Mr. Dohanian, who handled some
60,000 gipsy-moth caterpillars and pupae at the former place, and
08,000 at the latter station. Mr. Webber, with P. B. Dowden, of
the gipsy-moth laboratory, continued the work in central and south-
eastern Europe, and a temporary laboratory was established at
Belki, Czechoslovakia, and one at Baja (fg. 5, A) in the southern
part of Hungary.

Before the customary rearing work of the season was begun in cen-
tral Europe, Messrs. Webber and Dowden found several places
where attempts might be made to get large numbers of A. porthetriae
for quick transportation to the United States. Previously only a
very few of these parasites had ever been received alive at Melrose
Highlands. A few living caterpillars or cocoons of the parasite
had been shipped in the cold room of the steamer, but the Apanteles
obtained from these were not strong and vigorous and did not mate
readily. As they were never received in sufficient nuinbers for colo-
nization they had to be increased at the gipsy-moth laboratory
by reproduction work, through one or two generations, before liber-
ation. This procedure was not entirely satisfactory, for by the time a
sufficient supply was on hand for liberation, the gipsy-moth cater-
pillars in the ficld were advanced beyond the stages preferred by
this parasite.
~ To obtain a suflicient number of A. porthetriae for colonization
in New England, while the gipsy-moth caterpillars were still small
and suitable to scrve as its host, it seemed necessary that the Apan-
teles and the caterpillars parasitized by it should Dbe collected at
the proper time in Europe and started immediately on their way
to the United States. This was accomplished by having the living
;i‘arasnes‘taken directly to the United States and cared for en route.

hey arrived early enough in the season for at least one generation
to reproduce in the field under natural conditions.
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As soon as the European work with A. porthetriae was completed
for the scason, a temporary laboratory was established at Belki,
Czechoslovakia, near a severe gipsy-moth infestation. Over 300,000
gipsy-moth caterpillars were collected and fed at this station, and
about 10,000 puparia were obtained from them, although a disease
of the caterpillars interfered scriously with the work. At the labor-
atory at Baja, Hungary, over 30,000 tachinid puparia were reared
from about 400,000 caterpillars.

In 1925, the tachinid puparia, mostly P. agilis and 8. scutellata,
were packed in sawdust and shipped to Melrose Highlands more
often than had been done during the previous year. With these
were mixed puparia of summer-issuing tachinids only the fresh-
est of which had much chance of getting to Melrose Highlands
before the adults issued. As soon as the tachinid maggots began
issuing trom the caterpillars, their puparia were sent to the United
States, several shipments being made each week. As time was
onc of the factors in cstablishing the multibrooded species, some
of the collcetions were sent by airplane mail to Paris and thence by
rail to Cherbourg, where they were placed in the vegetable room of the
first stcamer sailing for the United States. In this manner the species
mentioned were received alive at Mclrose Highlands in sufficient num-
bers for biological studies of them to be made, and several species were
colonized in small numbers.

Another innovation was the obtaining of a large number of Stur-
mia inconspicua for colonization. During the spring of 1924 Antoni
Czarnecki (9), of Bochnia, Poland, collected large numbers of hibernat-
ing cocoons of the sawlly Lophyrus pini L., which were very abundant
that year. From them he reared several parasites among which
was a tachinid, which was later rccognized as Sturmia inconspicua.
Accordingly, early in the spring of 1925 Mr. Dowden went to Bochnia
and arranged for the collection of large numbers of cocoons of this
sawfly. About 8 bushels were obtained and shipped in four large
grain sacks, to a temporary laboratory at the scaport. Unfortunately,
many of them had been damaged by heating when they were delayed
several days because of frontier regulations. The good cocoons
were spread in trays, and as the Sturmia maggots issued they were
packed in boxes in damp sawdust and shipped to the United States.
Upon arrival at Melrose Highlands they were placed in rearing cages
where the adults could issue and mate before colonization.

Early in 1926 Mr. Webber again went abroad to continue the work
of gathering gipsy-moth parasites in central Europe. Later in the
spring he was joined by C. F. W. Muescbeck and R. C. Brown, of the
gipsy-moth laboratory. Two temporary summer field stations were
established in Hungary, one at Baja in the southern area, and the
other (fig. 5, D) in a small town named Galganacsa, about 30 miles
northeast of Budapest. During the summer Mr. Brown assisted Mr.
Webber.  Mr. Muesebeck established a temporary laboratory in Buda-
pest, where studies are being made of the gipsy moth and 1ts natural
encuies, many of which have not been established in this country.

A special attempt was made again in 1926 to send the pupana
often, so that as many as possible of the multibrooded tachinids
might arrive before the adults issued. During the height of the para-
site issuance the puparia were removed from the trays and shipped
to the United States daily, and on some days more than one ship-
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ment was made. These packages were sent direct by mail to Cher-
bourg, France, where they were placed in cold storage on_the steamer.
As a result of the frequent sendings many summer-issuing tachinids
were received alive and approximately 20,000 were liberated. To
obtain these, together with over 85,000 tachinid puparia which were
placed in hibernation at Melrose Highlands, considerably over half a
million gipsy-moth caterpillars were collected and fed at the stations
at Baja and Galgamacsa that season. .

At the close of the rearing work Mr. Brown remained in Europe
to assist Mr. Muesebeck in his biological studies; and Mr. Webber
made a trip into southern Europe and northern Africa, to locate

ipsy-moth infestations which might provide more species of parasites
gor introduction into the United States.

Early in 1927 Mr. Webber returned to Europe, and at Budapest with
Mr. Muesebeck made arrangements for the season’s work in Europe.
He then proceeded to several of the Mediterranean countries and
established a temporary laboratory at a heavy infestation near Oran,
Algeria. In Europe, in addition to the laboratory at Budapest,
summer insectaries were established at Moscenica, Yugoslavia; Rem-
bertow, Poland; and Simontornya, Olaszliszka, and Doboz, Hungary.
Over 1,000,000 gipsy-moth caterpillars and pupae were collected and
cared for at the foreign laboratories during the summer, resulting in
the liberation of approximately 42,000 adult tachinids, consisting of
7 species, only 1 of which is known to be established. Moreover,
53,424 puparia were placed in hibernation and 10,000 hymenopterous
parasites were liberated. After the season’s importation work was
finished Mr. Webber returned to Melrose Highlands, and Mr. Muese-
beck and Mr. Brown remained at the Budapest laboratory to con-
tinue the investigations.

During the years 1922 and 1923 J. N. Summers, of the gipsy-moth
laboratory, carried on similar work in Japan for about six months of
cach of these years. The introductions and colonizations which have
resulted from these investigations are given under the discussion of
the paiasites concerned.

RECEIVING AND HANDLING THE FOREIGN MATERIAL AT
THE GIPSY-MOTH LABORATORY

A detailed discussion of the methods used in handling the various
parasites will be found, as a rule, under the treatment of the various
species. There it will be seen that the actual gathering of suitable
material in foreign countries, and landing it at our shores, are only
small parts of the procedure necessary for the establishment and
dispersal of the beneficial species in this country.

All possible precautions are being taken to prevent any injurious
forms from becoming established in this country, especially those
hyperparasites which prey upon the uscful insccts which are being
introduced. During the carly work when material was received at
the laboratory the packages were opened with the greatest care, and
the parasite material was removed and assorted according to species.
The host material often had to be given the best attention in order
to rear any beneficial insects which it might harbor. In recent years
a room in one of the laboiatory-yard buildings has been especially
prepared where all packages containing insect material from foreign
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countries arc opened. This room is in a frame building with wooden
floors, sides, and roof. The outside walls are clapboarded, and the
roof is covered with tarred paper. The inside dimensions of the room
are approximatcly 26 by 8 by 8 feet. Over the floor is tightly fitted
a good grade of linoleum. The wooden walls and ceiling are cov-
cred with plaster board the joints of whieh are sealed by nailing over
them strips of !4{-inch stock, 114 inches wide. Between the ceiling
and the roof is a large elosed-in air space. In the center of the ceiling
is a tightly screened area which permits the circulation of air. The
walls and eeiling are painted with white enamel to make the room
light. The building runs cast and west and is entcred on the east

F16. 6.—Room in one of the laboratory yard huildings at Melrose Ilighlands, where the foreign
packages of insects are opened. This room is also used for rearing work with foreign material. Note
the emergence and mating cages for tachinids at the right of the picture

end by two doors between which is a elosed spaee about 3 feet deep
and the width of the room. On the south side are three ordinary-size
windows spaced cqually distant from the ends of the room and from
one another. In front of them are working tables. Along the entire
north wall of the room about 3 fect from the floor is a screcned open-
ing 30 inches wide, in front of which is a long bench on which the
emergence and mating eages rest. The screening over this space and
over the windows is 60-mesh copper wire netting through which no
Insect can escape. Speeial methods, based on their habits of life, are
employed in handling the different speeics reeeived.

1781°—20——2
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HANDLING OF MULTIBROODED TACHINIDS

The multibrooded tachinids are usually received at the labora-
tory during July, coming as puparia, and special cages are used in
hendling them. When the curtains are drawn over the windows
on the south side of the room the light enters through the screens on
the opposite side. It shines through the cloth backs of the tiers of
cages (fig. 6), and attracts the parasites away from the cage doors
which must be opened occasionally to remove the parasites or replace
the food. This equipment can be used with a number of species of
Tachinidae whieh have rather similar habits.

The puparia are received in sawdust in small boxes (fig. 7), and
upon arrival at the laboratory the packages are opened in the room
just described. With small shipments, the puparia may be taken
from the sawdust by hand, but great saving of time results, particu-

F16. 7.—A shipment of tachinid l?exaparia received at the gipsy-moth laboratory during the summer

of 1926. The puparia are pac; in sawdust in boxes measuring 314 incnes deep, 414 inches wide,

and 7 inches long, seen at the center of the picture. At the right is shown similar material
packed in match boxes

larly with large shipments, if the winnowing apparatus (fig. 12, d)
is used. When this device is properly adjusted the puparia may be
separated from the sawdust very rapidly. Most of them are then
examined individually under a binocular microscope in order to sepa-
rate the various species, for several multibrooded tachinids come with
the single-brooded ones. The puparia of the multibrooded tachinids
are placed in cages (fig. 8), for emergence. The lower cage (fig. 8, B)
has a bottom of 14-mesh copper-wire netting, the top, ends, and back
are covered with cotton cloth, and the front is of wood or wall board
and has asliding door. The cage is set on damp sand in a galvanized-
iron tray (fig. 8, A), and sometimes a small quantity of damp sand is
spread over the bottom of the lower cage, qB, which keeps it in con-
tact with the larger quantity of sand in the iron tray. The puparia
are placed in cage B.
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The first flies to emerge are males, but the females begin to emerge
pefore the male issuance is completed. As the flies come out they
crawl up on the cloth sides of the cage. The males are removed and
placed together, in cage C or D. They are easily removed by placing
a 4 by 1 inch test tube over them. As the tube touches them they
crawl into it and are kept there by placing the thumb over the open
end. As the females issue they are removed and placed with the
males in C or D.  The males in C and D are older than the females
and the freshly emerged females mate with them more readily than
with males which have recently issued. The females which happen
to become mated in the lower or emergence cage (B) are removed to
a colonization cage.
(Fig. 9.) During the
cmergence and mat-
ing period the eages
are watched carefully,
and as pairs are ob-
served In coition they
are removed, while
still together, in glass
tubes mn  the same
manner as are the
individual flies. The
tubes eontaining the
mated pairs are laid
aside and left undis-
turbed until the pairs
haveseparated. The
males are then re-
turied to the mating
cages (fig. 8, C and
D), and the fertilized
females are placed in
the colonization cages.

In this manner the

males are used several

1 1 1 Fic. 8.—A rack of emergence end mating cages for tachinids: A, A
times in the matmg galvenized-lrontrey, 3)5 hy 18 hy 40 inc%es, in which send is pleced
cages. As soon as a and kept moigt; B, th? exﬁel;lg%goe cage, 14 by l? hyd36 Clnchgsbo'n the

s ¢ wire-netting hottom of whicl e puperia are placed; C en Jfmat-
Sllff‘l_C}eIlt number of ing ceges, which ere the same size as cage B, and ere constructed In
fertilized females e similar manner except that they bave cloth bottoms instead of

. wire-netting bottoms

have been obtained

they are liberated, and as the end of the mating and colonization
period approaches the males are liberated with the females.

_ The parasites are fed in the emergence and mating eages by attach-
ing numerous pieces of dry loaf sugar to the sides and top of the
cages. The loaf sugar is held in place on the eloth by setting it in
sinall quantities of melted paraffin which hardens quickly and holds
the sugar firnly in place. In the wire colonization ecages (fig. 9), the
picees of sugar are tied in place. Clean water is placed in the eages
on pieces of sponge, and several times daily the ﬂri’es and inner sides
of the cages are hightly sprayed with clean water. There is always
some mortality of flies in the cages so that it is necessary to liberate
them as often as a sufficient number are on hand for a colony. The
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feeding of the flics appears to be very important, and more experi-
mental work is necessary in order that this may be done under ideal
conditions and in the best possible manner. It is likely that proper
feeding is a factor not only in the length of time that the flies live
but also in_connection with mating and egg development. In some
cages, in addition to the loaf sugar and water diet, pieces of fruit,
vegetables, and flowers have been supplied, but these have not seemed
to prolong the life of
the tachinids to any
extent.

The colonization
cages, while being
stocked, are kept under
one of the buildings in
acool and shaded place,
where the flies are less
active than they would
be in the bright
sunlight. Inliberating
the flies it is merely
nccessary to remove a
portion of one side of
the cage to allow them
to escape.

HANDLING OF
SINGLE-BROODED
TACHINIDS

Scveral methods
have been tried for
carrying through the
winter the single-
brooded tachinids
Phorocera agilis and
Sturmia scutellata,
which pass the winter
in the ground within
their puparia. The
method which seems
to serve best is de-
scribed below.

Fi16. 9.—Two tachinid colonization cages 18 by 24 by 36 inches, I\IOSt Of the Puparia
covered with copper-wire mosquito netting. The flies and loaf  ywhich are received are

sugar used for their food are shown in the picture N . N

placed in hibernation
without attempting to separate the living ones from the dead ones.
The puparia are packed in light sandy loam, in trays 14 inches square
and 3 inches deep (fig. 10), for hibernation. The bottom of each tray
is of 60-mesh copper-wire screening. In filling these trays about
one-half inch of soil is placed in the bottom of the tray, then a layer
of puparia is placed in it, so spaced as not to allow the puparia to touch
one another. These are covered with about one-half inch of solil,
then another layer of puparia is placed in the tray, and the process
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continued until the tray has been filled. It is then covered with the
same type of copper-wire screening as was used on the bottom of the
tray. The trays are set into earth which has previously been well
spaded and leveled in the laboratory yard, and covered with 3 or 4
inches of soil and the whole is proteeted with a light layer of straw or
leaves.

In the spring, just before the time for the adults to issue, the trays
are taken up and the puparia removed from the soil. The puparia
are then placed in rearing cages and handled the same as are the
multibrooded species.

———

¥iG. 10.—A layer of Sturmia scutcllata puparia being prepared for hibernation

HANDLING OF HYMENOPTEROUS LARVAL PARASITES

The hymenopterous parasites of the gipsy moth and the brown-tail
moth larvae vary so greatly in their habits that different methods,
described in detail under the several species, have had to be used in
handling them. In some cases the best results have been obtained by
rearing the parasites for liberation from foreign collections of their
hosts. In other cases, especially when only a few specimens of some
species could be obtained, they have been increased through reproduc-
tion at the laboratory before liberation. In the case of one species,
large numbers of its hibernating cocoons were collected, sent to this
country, and held until the adults emerged the following spring, where-
upon the adults were liberated. Another species was collected in
Europe and brought to this country in the adult stage. This lot
required special attention and care en route. Most of these adults
were liberated upon arrival here, but some were retained at the labo-
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ratory and used in reproduction work, which resulted in the rearing of
large numbers of this parasite for liberation. .

After the parasites became established, and when further coloniza-
tion was necessary, they were collected in this country. Some species
can be obtained in large numbers by collecting the proper stages of
their hosts and caring for them until the parasites issue. With other
species it is best to collect the hibernating cocoons of the parasites,
and use the adults, when they issue, in reproducing large numbers
for colonization.

HANDLING OF EGG PARASITES

Two species of hymenopterous egg parasites of the gipsy moth
have been established in this country. These are handled by entirely
different methods from the larval parasites. One species, which has
several generations each year, is obtained in small numbers from col-
lections of gipsy-inoth eggs. These are then increased to large numbers
for liberation each season by rearing them through several generations
at the laboratory. The other species, which has a single generation
each year and passes the winter within the gipsy-moth eggs, is ob-
tained in large numbers by collecting the host eggs and separating the
parasitized from the nonparasitized eggs.

HANDLING OF PREDACIOUS BEETLES

The adults of predacious beetles have been collected in their native
countries and shipped here. They have arrived in this country in
good condition when each beetle was placed in a small match box with
damp sphagnum moss. In some cases adult beetles of foreign origin
have been liberated here, but in most cases they have been held at
the laboratory and increased through reproduction. After suitable
numbers have been obtained by this method, adults as well as their
larvae are liberated.

FOREIGN INSECT ENEMIES OF THE GIPSY MOTH
POSITIVELY ESTABLISHED

Over 93,000,000 enemies of the gipsy moth and the brown-tail moth
have been liberated in this country. Some 47 species have been lib-
erated, 15 of which are known to be positively established, and 9 or
10 of these have become of considerable importance as enemics of
these insects in New England. Several other important species, which
have becn liberated during recent years, may be established, although
absolute records to show this have not been obtained.

In the following discussion the parasites have been arranged in the
order in which the stages of the host are attacked. Those parasites
attacking the eggs are treated first, then those which parasitize the
small, the medium, and the large-size caterpillars, respectively, and
finally those which kill the pupae. They have been arranged 1n two
%roups——thosc that are positively established and those that are not.

)nly the species which have been encountered in the recent investiga-
tion are discussed in the text, as the status of the others reported in the
earlier work by Howard and Fiske (74) has not changed. All of the
species, however, which have been liberated, are included in the sum-
mary of the total colonizations of imported enemies of the gipsy moth
and brown-tail moth.
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EGG PARASITES
ANASTATUS DISPARIS Ruschke!

Anastatus disparis (fig. 11) is a parasite of the gipsy-moth egg.
It attacks eggs other than those of the gipsy moth with reluctance,
but has been bred in laboratory experiments in eggs of Hemileuca
oliviae CKkll. and ITemerocampa leucostigma S. & A. The species has
also been recorded as acting as a hyperparasite on Apanteles mel-
anoscelus Ratz. Extensive collections of cocoons of this Apanteles,
however, show that the réle played by Anastatus as a hyperparasite
is very inconscquential. 1t has a single generation each year, passing
the winter as a larva within the gipsy-moth egg. It is now firmly
established and is rated as one of the most important of the intro-
duced enemies of the gipsy moth. It disperses slowly and this has
necessitated a large amount of colonization in order to hasten its
establishment over the entire area infested by the gipsy moth.

ForeigN DISTRIBUTION AND ABUNDANCE

This parasite is widely distributed in Europe and in Japan. It has
been recovered at the gipsy-moth laboratory at Melrose lighlands
from gipsy-moth eggs collected at Akabane, Fukuoka, Funakimura,
Gifu, and Nishigahara, Japan; Crimea, Schiriga, Kiev, and Kishenev,
Russia; Lipova (Lippa),® Dorgos, and Sistarovat, Rumania; Huszt,
Poland; Schlesien, Germany; and Nantes, France. Recent investiga-
tors from the gipsy-moth laboratory have found this parasite at
Yokohama,Japan; Hyéres, France; Madrid, Talavera de la Reina, and
Salamanca, Spain; Caltagirone in Sieily, Italy; Dahlem, Germany; Beli
Manastir, Yugoslavia; Bélki, Czechoslovakia; and Vetrén, Bulgaria.

Examinations made at Melrose Highlands of gipsy-moth egg clusters
whicli were collected in foreign countries, and ficld examinations made
by the bureau men, indicate that, although this parasite is distributed
over much of Japan and Europe, 1ts abundance is variable and periodi-
cal.  The records of the parasitism of gipsy-moth cggs which have
been gathiered from Japan and Europe indicate that this parasite is
more abundant in some of the European countries than in Japan.

During the winter of 1908-9 approximately 1,000,000 gipsy-moth
cges were recelved from the towns histed in Rumania and Poland. The
value of this parasite in Europe that winter is well demonstrated by
the fact that approximately 25 per cent of these eggs contained
Anastatus. Recent work carried on in Spain by the department of
investigations and extermination of forest plagues, under the direction
of Manuel Aull6, has shown that this parasite is an important enemy
of the gipsy moth in that country. The Spanish authorities are
transferring Anastatus from areas of abundance to other parts of the
countri; where it 1s absent. In this work they have found the para-
sitism by Anastatus to run from none to 35 per cent, and in some loca-
tions where large collections of gipsy-moth eggs have been made an
average of 15 per cent were parasitized by Anastatus. The experts
of the Bureau of Entomology, while carrying on parasite investiga-
tions in Spain from 1922 to 1925, found Anastatus present in gipsy-
noth egg clusters in many places, and records of from 10 to 20 per
cent of parusitism were ogtained.

4In previons American literature referred to as Anastatus bifasciatus Fonscolombe (/a, 22a).
# The towns listed in Rumania and Poland were in Hungary when these importations were made.
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e

F16. 11.— Anastatus disparis: a, Adult, X 19; b, uterine egg; ¢, hibernating larva removed from
egg, X 45; d, pupa, X 47; ¢, mandibles, X 19. b and ¢, greatly enlarged. (1oward and Fiske)
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SCHEDIUS KUVANAE AND ANASTATUS DISPARIS
moth egg cluster with adult Schedius on it, X 1lg: b, female gipsy moth depositing egg

G
¢ er, with female Anastatus on cinster, life size; ¢, Anastatus colonization mark on roadside tree;
i moth egg cluster showing exit Ioles of ..\'dwlm.\_, X 2, ¢, hibernaling larva of Anastatus as
e, 34: f, Anastatus colonization can in position on tree trunk. dande, Howard

" 1
and Fiske; a, b, ¢, and f, Crossman
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Lire History anp HaBITS

Normally Anastatus has a single generation each year, although
occasionally two generations have beenrecordedinoneseason. Usually
nearly 12 months are spent by the parasite within the gipsy-moth egg.
This period ranges from 10 to 13 months. Records have also been ob-
tained of Anastatus living within gipsy-moth eggs for two years when
these eggs were placed in cold storage at a temperature of about 30°F.
and kept there a year after the nornial timne of issuance of the parasite
(10). Most of the Anastatus emerge from gipsy-moth eggs, after
hibernation, during the last two weeks of July. This period varies
somewhat with the season, but occurs at the time when the majority
of the female gipsy moths are depositing their egg clusters. The
female parasites are often seen on the gipsy-moth eggs before the
cluster has been completely deposited. The parasite egg and larva
develop quickly, requiring only two weeks to develop from egg to full-
grown larva.

The males fly, but the feinales are unable to do so, and the adult
life is rather short in confinement—10 days to 2 weeks being the
average when they are kept in cages and fed a mixture of 40 per cent
of honey in water.

IMPORTATION

Anastatus for colonization in New England were originally obtained
from gipsy-moth eggs which were collected in Europe and Japan.
Large shipments o% gipsy-moth eggs were received in bulk, in
cloth bags inclosed in wooden boxes. In the case of sinaller lots,
the egz clusters were often wrapped individually in paper and
packed in layers between blotting paper. The shipments were
received by both mail and express mn a satisfactory condition. In
shipping large collections of gipsy-moth eggs, it is advisable to divide
them into packages of about 2 quarts each. This avoids heating,
which is apt to occur when larger quantities are confined in tight
packages for several weeks. Some shipments came in the steamer’s
cold storage, but this is not necessary unless tlie eggs have been
exposcd to freezing temperature before they were collected.

Gipsy-moth eggs parasitized by this species began to arrive during
the winter of 1907-8. At first they were kept in the laboratory to
hasten the issuance of the parasites, in the expectation that the
adults would parasitize large nuimbers of the gipsy-inoth eggs which
had been held in cold storage since the previous fall.  No reproduction
wasobtained from these experiments, and the remainder of the foreign
eggs were placed in cold storage until the appearance in the field of
new gipsy-moth egg clusters. They were then remnoved and the
adults which issued at this time were liberated. During the winter
of 1908-9 large shipments of gipsy-moth egg clusters were received,
mostly from Hungary. These eggs were placed in trays for the non-
parasitized ones to hatch, the parasitized eggs being left for use in
colonization.

CoLoN1zZATION

The first few individuals of Anastatus liberated in New England
were adults released during the summer of 1908. They were obtained
from gipsy-moth eggs collected in Japan and Russia. In 1909 the
speeies was colonized in inuch greater numbers as mature larvae
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within the host eggs. Most of this material came from Hungary,
although some was from Japan. The species quickly became estab-
lished so that all of the Anastatus colonized after 1909 were obtained
in New England. ) )
As Anastatus disperses very slowly it has been necessary to colonize
the species each year in large numbers, in order to hasten the time
when it would become well distributed, and thus to derive as quickly
as possible the benefit of its presence. Table 1 gives a summary of
the numbers of Anastatus which have been liberated in this country.

TasLe 1.—Numbers of Anastatus disparis colonized in New England

] Number liberated in—

Year i
Massachu- |
setts

New : Rhode Connecti-
| Hampshire Maine Island ‘ cut
|

Vermont Total

1926 | 1,046,000 207, 000 425, 000 196, 000 400, 000 59,000 2,333 000
1927 1T ’42,527,000 1, 369, 000 650,000 ... . ____ 596, 000 6,000 5 148,000

Total______. 31,459, 193 J 22,771,000 | 7,348,000 | 1,296, 000 2, 463, 000 307,000 | 65,644,193
I |

1 Enough eggs of the gipsy moth were collected during the winter of 1917-18 to yield 8,000,000 Anastatus,
but unusually low temperatures eaused heavy mortality of both host and parasite.

! Estimated. 'The greater part of the material was used for a large reproduction experiment.

¥ 50,000 of this number estimated to have been the number in one colony.

¢ 1,000,000 of this number used in an experiment in a beavily infested area.

A total of 65,644,193 Anastatus have been released. For the most
part these have been liberated in colonies, each consisting of 1,000
parasitized gipsy-moth eggs. They were placed in small tin cans
(pl. 3, f), provided with several small holes near the top, through
which the adult parasites escaped as they issued. These cans were
fastened to trees. In the older infested towns, where the gipsy-moth
infestation was general, each town was colonized thoroughly. The
one who liberated the colonies was provided with a blue-print map
showing all the roads in each town. Where the gipsy-moth infesta-
tion was sufficient to warrant the liberation, colonies of parasites were

laced one-fourth of a mile apart on both sides of all roads, in wood-
and, a few hundred feet in from the roadside. As each colony was
liberated, its location was marked on the blue print. Two colonies in
cach town were marked in the field so that they might be easily found
for later observations. Reference to Figure 3 will show that most of
the colonization which remains to be done is in the border area gener-
ally considered lightly infested. In much of this area it is not practi-
cable to colonize solidly, as has been done in the older infested territory.
Here the infestations are often several miles apart. In these infosta-
tions 2,000 or more parasites of Anastatus are liberated in each colony
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Apparatus AxD MEeTHODS USED TO OBTAIN ANASTATUS FOR COLONIZATION

Tu the eaily work, before Anastatus was generally distributed, there
were a few strong Anastatus colonies where the parasitized gipsy-
moth eggs were gathered. Using the center of a eolony as a staiting
point, 8 lines were run out, 4 to the eardinal points of the compass and
4 midway between these. In the fall sample eollections of gipsy-
moth eggs were made at designated distances along these lines. These

sample collections were examined at the laboratory to determine the

F16. 12.—Apparatus used in gipsy-inoth egg-parasite work with Anastatus disparis: a, Sepsrating
apparatus used to separate gipsy-moth eggs from the hair; b, showing inner surface of disks of sepa-
rating apparatus; ¢, bouncing apparatus used to separate nonparasitized eggs from eggs containing
Anastatus iarvee; d, winnowing apparatus used for separating the eggs containing Anastatus larve
from the eggshells, dead eggs, and other materiai removed from the hatching trays. (Crossman)

percentage of {)ams*itism of the eggs. In this manner it was possible
to determine the area in which the parasitism was greatest and, where
large collections of gipsy-moth eges could be made, to furnish a supply
of Anastatus for the spring colonization.

In recent years Anastatus has become so evenly distributed over a
large part of the gipsy-moth-infested area that it has not been neces-
sary to select a limited area in which to collect the material. A
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few sample collections of gipsy-moth eggs are made each fall from
various locations. From cxamination of these collections the best
places from which to obtain the general collections of Anastatus for
colonization are determined.

During the winter large collections of gipsy-moth cgg clusters are
made at the points which have been selected. At the laboratory
these egg clusters arc broken up, and the eggs separated from the
hairs by means of an apparatus developed for this purpose. (Fig.
12, @ and b.) It consists of two circular wooden plates which are
padded on the surfaces that aro in contact. The lower one is sta-
tionary and the upper plate revolves on a spindle by power from a
small motor, its inner surface ligchtly touching the upper surface of
the stationary plate. The egg clusters are fed to the apparatus at
an opening near the center of the upper plate. As this plate revolves,
the egg clusters are drawn between the plates, gradually broken up,
and worked between the surfaces of the plates until the eggs reach
the circumference, where they fall off, scparated and clean, and are
caught in a jar beneath. The hairs and dust are removed from the
apparatus by means of a suction blower attached to a galvanized-
iron pipe which leads from the center of the apparatus to the outside
of the building.

After the eggs have been separated from the hairs, the parasitized
eggs are separated from the nonparasitized ones by allowing them
to run by gravity over an inclined plane, at the bottom of which is
a small piece of metal placed in a horizontal position. As the eggs
hit this horizontal surface they rebound into different compartments
of a box which is placed at the bottom of the inclined surface. (Fig.
12, ¢.) The eggs containing Anastatus larvae drop into the first
compartments of the box, while the nonparasitized ones rebound
farther into the compartments beyond. When the parasitized cggs
have been separated from the nonparasitized ones they are measured;
and cach measureful, containing approximately 1,000 parasitized
eggs, is placed in a small envelope and held until spring for colo-
nization.

CorLiecTioNs oF Girsy-MoTH Eces To DETERMINE THE PARASITISM BY
ANASTATUS

Each year, since the liberation of Anastatus, collections of gipsy-
moth eggs have been made to determine the presence of the parasite,
the amount of parasitism caused by it, and its dispersion. The
results shown by the examinations of thesz collections have recently
been published (10), and only two sets of records will be included
here to bring these up to date.

For tho last eight years small collections of gipsy-moth egg clusters
have been made from the different sections of each town shown in
Table 2, and the figures obtained by the examination of them show
the degree of parasitism of the gipsy-moth eggs by Anastatus in the
area represented.
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TasLE 2.—Average percentage of parasitism of gipsy-moth eggs by Anastatus disparis
as indicated by representative collections made in five towns in M assachusetts

GIPSY MOTH AND BROWN-TAIL MOTH INSECT ENEMIES

. - Averago
Burling- Lynn- l North Wilm- &
Year ton Dover field l Reading | ington p&;:.:i
Per cent | Per cent | Per cent | Per cent | Per cent | Per cen
14 14 11 16 16 14.2
b2 34 19 23 26 25.2
35 37 31 35 34 3.4
32 31 28 25 30 29.2
28 24 14 11 18 19.0
17 9 12 [ [ 10.0
6| 10 | 7 7 2| 8.4
8 22 16 13 18 | 15.4

In Table 3 are given data which represent a much greater area than
is considered in Table 2. These data have been gathered during the
lust 15 years and show the yearly average abundance of Anastatus.

TaBLE 3.—Summary of examinations of gipsy-moth eggs collected around the
““observation points”’

Eggs parasitlzed
Number of clusters Total para-|
Num- coliected K sitized
ber of By Anastatus By Schedius Total
Year collec- p?.ra-
tion | sitism
points Large M€ |small Large| M 'sman| BY | py
Large é\l‘{le;ll Small| Total| clus- ‘ci]lll;s’? clus- | clus- ‘cillgsl_n clus- ‘;3:' Sche-
ters | yorq | ters | ters | oo | ters | 4iq dius
Per | Per | Per | Per | Per | Per | Per | Per [ Per
cent | cent | cent | cent | cent | cenl | cent | cent | cent
1912-13__ 77 1,131 1,127/ 1,102 3,360 0.207 0.19| 0.28 0.33) 0.50 0.64 0.21| 0.43 0.64
1913-14 73 1,068 1,090/ 1,053 3,211 .718 87| .23 1.09] 1.19 1.54 .85 120 205
1914-15__ 69 1,069 1,067 1,048 3,184 .93 L13[ .93 .83 .97I 1.16/ .99 .93 1.92
1915-16__ 66 1,037I 1,050 1,046 3,133( 2.33 286 2.91| 1.361 1.21] 1.57 262 135 3.97
1916-17__ 64 021 1,015 1,001 2,937 4.30 | 5.27 6.46 236 277 3.31 501 2.66 7.67
1917-18._ 68) 792 1,034 981 2,807 6.19 | 7.69 9.54 2.30 2.83 4.18/ 7.26| 2.78 10.04
1918-i9. 64, 890, 9i3| 852 2,655/ 9.25 | 10.22/ 10.75 .11 .09 .21 9.83 .12 9.95
1919~20_ 491 439 730( 731 1,900| 9.75 | 11.16 12.53, .50 .58 .Y2 10.84 .61 11.45
1920-21_ 49| 667 7420 694 2, 103‘15. 57 | 17.85 19.56) .03 .07] .13 16.98; .06 17.04
1921-22. 51 357 708| 695 1,76025.03 | 28.60| 31.20 .09 .12 .23| 27.86] .13 27.99
49| 351 758| 333/ 1,44217.22 | 24.25/ 30.10| .98 .85 1.12 21.94( .93 22.87
170 119) 350, 104{ 58218.51 | 23.02 30.35 .71 .52 .17, 22.18) .55 22,73
60 560 1,403| 380 2,35216.32 | 20.00 26.78/ .33 .32 .2i| 20.96] .20 21.25
17; 96 111 69 27610.6 | 11.8  13.06 .47 .05 .17 1L.10} .28 11.38
61| 3921 493 281 1, 166! 7.8 | 10.5 | 13.0 L1900 .13 .26 10.100 .18 10.28
{ 17 73 161 68  30214.7 14.5 | 20.9 L1100 .08 .06 15.36) .08 15.45
- 60 368 541 200 1,109/ 9.8 | 125|180 | T | T | T |131] T | 13.1
1026-27 f 17 40 206 88 ‘3463 | 7.1(/10.2| 0| T 0 | 74| T | 7.4
,.-----| 61 153‘l 816, 271 1,240 5.3 [ 57| 81 T, T T 63| T 6.3

© A uniform method of collecting and examining the eggs was followed from 1912 throngh the spring of

1923.

manner as previously. A slightly different method has
These data have been kept separated in the tahle.
points is more accurate than that use

points.

totai
used for the mafjorlt,

Since that date the collections have been made, when possihle
tions as previously, hut over a larger area.

from approximately the same loca-

The eggs koml;egl of the points have been examined in the same

for the larger number of points,
rasitism shown by the two methods of examination is not very great, and the method of examlnatlon
of the collectlons is much more rapld.

n used In examinlng collections from the other
They show that the method used for the 17

However, the difference in the

1 T used in the Schedlus column jndicates that only a trace of this species was found.
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Each year the egg-cluster collections have been made, so far as
possible, in the same towns scattered over eastern Massachusetts and
southern New Hampshire. The collections have not been made with
reference to parasite colonizations, and the data show the actual aver-
age degree of parasitism caused by this species each year in the
area under consideration. These eggs have been collected with
considerable care, and an attempt has been made to obtain an equal
number of large, medium, and small egg clusters in each collection.
The examination of egg clusters separately has shown a considerable
difference in thie degree of parasitism of large and small-size clusters.
These cxaminations have shown that the percentage of parasitism in
some years of the small egg clusters was nearly twice as great as it
was of the large clusters. This is an important factor in the para-
sitism of the gipsy-inoth eggs, for during certain years the gipsy-
moth egg clusters average medium and small in size. )

The data obtained from the egg-cluster collections given in these
tables show an incrcase in the abundance of this parasite until the
fall of 1922. The decrease, which was first apparent in the eggs col-
leeted that fall, continued until the fall of 1925.

In addition to the records pertaining to the degree of parasitism
of the gipsy-mioth eggs, data have been gathered showing that there
is practically no difference in the degree of parasitisin of the eggs in
relation to their position on the trees. Other data have been gathered
in regard to the winter mortality of Anastatus which indicate that
during the mild winters there is practically no mortality over the
eastern half of Massachusetts, southern New Hampshire, and south-
western Maine. There is some mortality in the colder sections of
the area during a severe winter, such as the winter of 1917-18. A
high percentage of the parasites survive in the gipsy-inoth eggs which
are laid in protected situations or are covered with snow or ice.

RecovErY AND DIsPERSION

Because of an epidemic of wilt disease which killed practically
all of the gipsy-moth larvae and pupae in the immediate vicinity,
no recoverics of Anastatus were made during the spring of 1909 at
the site of the colony that was liberated in 1908. During the summer
of 1909 many adult Anastatus from the parasite colonies which
were liberated during the spring of that year were found working
on the gipsy-moth eggs. The first records of Anastatus having
passed a New England winter successfully under natural econditions
were obtained in 1910. !

A study of the yearly dispersion of Anastatus was carried on for
several years. Collections of gipsy-moth egg clusters were made
at points 50 feet apart along eight lines which ran from the centers
of several colonies. Later, beginning 600 feet from the colony cen-
ter, the eollections were made at 100-foot intervals, and as the dis-
persion continued the egg collections were made along the lines
100 yards apart. These studies showed that Anastatus is a slow-
spreading parasite, but that as the parasite increases in abundance
and the colony in area the yearly spread becomes much greater;
They showed that during the year that the parasite was liberate
1t spread out only 200 feet, but that five years later it had spreaf}
4,800 feet from the point of liberation.



GIPSY MOTH AND BROWN-TAIL MOTH INSECT ENEMIES 31

The dispersion of Anastatus has been greatly aeceelerated by an
enormous amount of colonization. It 1s now generally present
within the Anastatus line as indieated on the map (fig. 3). A few
liberations have been made beyond this line but there 1s still a con-
siderable amount of colonizing to be done with this speeies.

VALUE OF ANASTATUS DISPARIS

The data which have been given in the discussion of Anastafus
disparis elearly show that it is an important enemy of the gipsy
moth. Many eollections of gipsy-moth egg clusters were made in
which over 40 per eent of the eggs had been killed by this parasite. In
fact, as far as it has been possible to obtain data, Anastatus appears
to be of more value in this eountry than in the countries from whieh
it was originally obtained. It is thoroughly established, and although
it suffers sonie mortality during the severe winters in New England,
it appears to withstand themn as well as, or better than, its host.
It is now present over most of the area whieh is considered generally
infested by the gipsy moth, and although the degree of parasitism
is not at present as high as it has been, a rapid reeovery to its earlier

status is expected.
SCHEDIUS KUVANAE Howard

The gipsy-moth egg parasite Schedius kuvanae Howard has several
generations each year, and at times, sinee it became established, it
has been very abundant in many sections of eastern Massachusetts.
Its periods of abundanee have been very irregular, and the areas in
which it has been plentiful have been scattered. In some seasons it
has parasitized a remarkably large percentage of the gipsy-moth eggs
in rather small sections of the territory, and it appears to be better
adapted to the milder parts of the infested area.

Fore1GN DISTRIBUTION AND ABUNDANCE

Schedius kuvanae (fig. 13) was introdueed from Japan and is not
known to exist in any of the FKuropean countries. At the gipsy-
moth laboratory it has been reared from gipsy-inoth eggs colleeted at
Akabane, Fukuoka, Funakimura, Nishigahara, and Tokyo, Japan.
The data which have been gathered as to the distribution and value
of Sehedius in Japan were obtained by the examination of gipsy-
moth eggs, most of which were sent to this eountry by S. I. Kuwana;
and by observations made in that eountry by J. N. Summers, of the
Bureau of Entomology, while studying the natural eontrol of the
gipsy moth there. Examination of these eggs showed that this
parasite was plentiful in some locations and entirely absent in others.
As high as 33 per cent of one lot of egg elusters were killed by Sehed-
ius, indieating its value in some areas.

Lire History anxp HaBIiTs

After many experiments, satisfactory proof was obtained that
Schedius passes the winter as an adult in the forest debris. There is
a large mortality cach winter, and only strong fertilized females well
laden with eg%s have been recovered in the early spring. The
iemales which live through the winter first become active on the
warm days of April. Many of them do not leave their hibernation
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quarters until the middle or last of this month. These adults live,
in experimental cages, for from three to five weeks and oviposit read-

F1a. 13.—Schedius kuvanae: a, Adult female, X 40; b, egg; ¢, third-stage larva still retaining egg
stalk and anal shield, X 40; d, egg stalk and anal shield of larva as found in host eggs of the gipsy
moth from which the adult Schedius has emerged or in which the Schedius larva has been attacked
by a secondary parasite; e, larval mandlbles; f, pupa, X42; b, d, and e greatly enlarged.
{Howard and Flske)

ily in the overwintering gipsy-moth eggs. This generation requires
approximately six weeks to mature, but later in the season the gen-
erations mature in about three weeks.



GIPSY MOTH AND BROWN-TAIL MOTH INSECT ENEMIES 33

In the spring some of the Schedius pass through two generations
whereas others have only one. Adults are ready for oviposition in
the new gipsy-moth eggs as soon as they are laid in July, and occa-
sionally one will be found parasitizing an egg cluster before it is
completely deposited by the moth. The fall generations overlap so
that adult Sehedius are present in the field from the time of gipsy-
moth egg laying until early in November. During the late summer
and carly fall only 21 days are required for a generation, but as the
cool weather approaches a longer time is neeessary. During an
average season, from tlie middle of July to early November, there is
ample time for this parasite to eomplete four generations in the new
eggs, and there is often a partial fifth generation. In some seasons
a part of this fourth generation, and usually most of the fifth gener-
ation, are killed within the gipsy-moth eggs when severe tempcratures
are first recorded. When this oceurs many of the aetive adults enter
hibernation, although evidence has been obtained that some adults
enter their hibernating quarters earlier in the season.

This parasite will reproduce readily, in laboratory experiments, in
a greater variety of lepidopterous eggs than Anastatus. It has been
reared in such experiments from nine different speeies, ineluding the
the gipsy moth, the brown-tail moth, and the satin moth, Stilpnotia
salicis L. It has also been oceasionally reared from eoeoons of
Apanteles melanoscelus; but this host does not appear to be a favor-
able one, and often adults whieh have matured within the Apanteles
cocoons are unable to bore their way out. It is interesting to note
that when Schedius reproduces in large eggs, sueh as those of
Hemileuca oliviae CKll., several parasites will mature within a single
egg, and in one ease 17 Schedius were recovered from a single mel-
anoscelus eoeoon (21). A distinct preferenee is shown for gipsy-
motli eggs, and only rarely does more than one Schedius mature in
one of these eggs.

Considerable anxiety was felt during the early studies of Schedius
and Anastatus for fear that Schedius would act as a parasite of
Anastatus. This anxiety was inereased when a study of gipsy-moth
eggs from Japan revealed that this aetually had happened. Fortu-
nately laboratory cxperiments indicate it to be a rare occurrence,
and no records have been obtained of its sueeessful oceurrence in the
fild. Eaeh year many thousands of gipsy-moth eggs are examined
with a binoculer microseope; and although oeccasionally Anastatus
and Schedius larvae have been found within the same egg, neither
parasite has developed in the cases that have been observed. In the
field these parasites do not often eonfliet; usually one or the other
greatly predominates loeally, although oceasionally eollcetions of
gipsy-moth egg elusters are obtained which show about equal para-
sitisin by boti speeles.

IMPORTATION

The story of the introduction and eolonization of this parasite has
been told so often that it will be given only briefly here. Evidence of
the presence of an egg parasite was first found in the Japanesc eggs in
1907, but the specunens found were badly damaged and no hvin
parasites were obtained. In 1908 many egg elusters were reeeive
from Japan, but all of the Schedius that the packages eontained were
dead excepting one male which was obtained in December. In Jan-

1781°—20—3
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uary, 1909, a living female Schedius was obtained which reproduced
parthenogenetically, a generation of males resulting. In April, 1909,
12 Schedius were reared. One of the females died early, but from the
11 remaining 100 adults were reared, this being the first generation in
this country. Twenty-one more adults from Japanese eggs were
added to these, and a second generation was developed containing
643 adults. These produced 1,350 Schedius in the third generation.
In the meantime 1,671 more Japanese Schedius were obtained, and
these were added to the stock already developed. The reproduction
work was continued throughout the year and into the winter of 1910.
From this stock and its progeny all of the colonizations have been
made.
COLONIZATION *

The first colonies of Schedius were liberated during the summer of
1909, stock being used which had been developed as described above,
together with about 1,000 Schedius which had issued from Japanese
eggs. Several more colonies were liberated during the fall. The
material in the breeding trays was kept developing until early in 1910,
when it was estimated that the trays contamed approximatel
1,000,000 Schedius. They were then placed in a cool cellar until
March, when most of the material was divided into lots containing
about 10,000 Schedius each and distributed over the eastern part of
the area. Colonization has continued each succeeding year, estab-
lished stock being used to rear large numbers, Table 4 gives the
total number of Schedius which have been liberated.

TaBLE 4.—Summary of the colonization of Schedius kuvanae

Number of Schedius liberated in—

Year

New
Ma.ss:éaéhu Hamp- lrg?:;]’de Maine Illinois
|

feee e
| 1, 379, 055 232, 260| 17, 000 628, 550

1 A few eggs of Hemileuca oliviac parasitized by Sch;cdiu.a kuvanae were sent to Maxwell, N. Mex.
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TaBLe 4.—Summary of the colonization of Schedius kuvanae—Continued

Number of Schedius liberated in—

Year | Distri
. istrict .
Cmgﬁctl- Vermont [of Ctglum- Spaln ! 'Morocco !| Algeria 1 Total
ia

' 46,415

.................... 1, 118, 000

Total ... .. ... 4,117,375 80, 000 20,000 | 265000 | 88,000 48,000 25,677, 587

t Numbers of Schedius sent to Spain, Morocco, and Algeria are estimated.
1 A few eggs of Hemileuca oliviae parasitized by Schedius kuvanae were sent to Maxwell, N. Mex.

It will be noted that several large colonies of Schedius have been
liberated outside of the area infested by the gipsy moth. Laboratory
experiments showed that Schedius wou{d reproduce in confinement on
the eggs of a variety of hosts, and readily on the eggs of the white-
marked tussock moth, Hemerocampa leucostigma S. and A. The
Schedius which were sent to Washington, D. C., and to Illinois
were liberated in tussock-moth infestations. A few were sent to
Maxwell, N. Mex., after it was found that this parasite would repro-
duce in the eggs of Ilemileuca oliviae Ckll. Several shipments have
been made to Madrid, Spain; Rabat, Morocco; and Algiers, Algeria,
where attempts are being made by the Government entomologists to
establish this species in gipsy-moth infestations.

Schedius are colonized in the fall, in contrast to Anastatus, which
are colonized in the spring. The Schedius are bred at the laboratory
and the adults liberated, while Anastatus are colonized as mature
larvae within the gipsy-moth eggs.

Approximately 4,000 Schedius are liberated in each colony. The
colonies are placed about 2 miles apart, in woodland, along each road
where there 1s suflicient gipsy-moth infestation. The locations of the
colonies are marked on a blue-print map of the town, and in the field
with white paiut on a roadside tree.
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Fic. 14.—Apparatus used in rearing Schedfus kuvanse. A, Stack of Schedius rearing trays; B,
single rearing tray. (Crossman)
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REPrRODUCTION WORK TO OBTAIN ScHEDIUS FOR COLONIZATION

The trays (fig. 14, B) used for rearing Schedius at tho laboratory
are 5 feet long, 2 feet wide, and 5 inches deep. They are made of
half-inch matched cypress, dovetailed at the corners and painted on
the inside with a flat black paint. Two openings, 12 inches square, are
left in the top; these are placed equally distant from the center and
from the ends of the tray. In the frout side of each tray are several
holes 1 inch in diameter. These are kept closed with cork stoppers
until ready to be used. Over the bottom of the trays are spread evenly
a quantity of gipsy-moth eggs mixed with a few parasitized gipsy-
moth eggs and adult Schedius which have been collected from the field.
A mixture of 40 per cent of honey and 60 per cent of water, for food
for the parasites, is sprinkled on several pieces of white blotting paper
and placed in the trays. Glass plates are placed over the two openings
in the top. As the trays are stocked they are placed on a rack (fig.
14, A) and kept at a temperature of from 75° to 80° F. During the
cool evenings of the early fall this is maintained by means of electrie
lights. A few thousand adult Schedius are placed in each tray to
supplement those already there and those which develop from the
parasitized eggs which were put in the trays. The adults oviposit
readily in the gipsy-moth eggs in the trays. Assoon as a new genera-
tion of Schedius develops, which is in about three weeks, the light is
excluded from the trays by placing black paper over the glass covers
in the tops. The cork stoppers in the front side of the trays are re-
moved and paper cones are inserted in which closed glass tubes 1
inch by 4 inches are placed. The Schedius in the trays are attracted
by the light into the glass tubes, from which they are remnoved and
placed in mailing tubes for colonization. About 4,000 Schedius are
placed in each tube with a piece of paper on which is smeared a mix-
ture of honey and water for their food. The tube is then covered
with a piece of cotton cloth held in place by a rubber band. Each
day the tubes containing the day’s output are sent to the field for
colonization.

CoLLEcTiONS OF GIpsy-More Eacs To DETERMINE TUE PARASITISM BY
SCHEDIUS

The collections of gipsy-inoth eggs whieh have been made each year
since 1912, at or near the observation points, are tabulated in Table
3, under the discussion of the parasitism caused by Anastatus. Tho
apparently slow increase and low rate of parasitism eredited to Schedius
in these collections may be explained to soine extent by the fact that
many of the points where these collections were made are in towns
where this parasite has never been abundant. Schedius does not ap-
pear to be well adapted to a considerable part of the area that is in-
fested by the gipsy moth. There are, however, certain seetions, espec-
ially in southeastern Massachusetts and on Capo Cod, where climatic
conditions are favorable, and this parasite hasincreased and attaeked
a very appreciable percentage of the gipsy-moth eggs.

The mortality caused by this parasito has varied considerably over
a period of years owing to a number of controlling factors.

tudies which were made to determine tho degree of parasitism of

gipsy-moth eggs in various parts of the trees showed, as do similar
data in conneetion with Anastatus, that the location of the egg clus-
ters on the trees has little or no effeet upon the percentage of para-
sitism caused bv Schedins.
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RECOVERY AND DISPERSION

Schedius was recovered in 1909, soon after it had been liberated.
It increased rapidly and was soon found in abundance on the egg
clusters in the immediate sites of the liberations. It was recovered
until cold weather in December, after which no more could be found
or reared from the gipsy-moth eggs. All trace of it was lost and it
was feared that the species could not survive the New England win-
ters. During the spring and summer of 1910 occasional Schedius
were recovered, but in very limited numbers, and under conditions
which indicated that they might have been individuals which had
dispersed from some of the spring colonizations. It was not until
the summer and fall of 1911 that Schedius was recovered under con-
ditions which left no doubt that it had survived the winter.

Although Schedius is a slow-dispersing parasite it spreads more
rapidly than Anastatus. The data which have been gathered show a
sprea(fr of about 400 yards for a single generation and a little over
half a mile for the first year. Records obtained in colonies the second
year after liberation have shown a spread of nearly 2 miles at the end
of the second season. The dispersion of this parasite has been accel-
erated by the large amount of colonization which has been done. The
present known dispersion is shown on the map (fig. 3). It has been
colonized considerably north of this line in New Hampshire and south-
western Maine, and occasionally has been recovered in parts of New
Hampshire, north of the line, but only sparingly; and continued
observations indicate that it will not increase satisfactorily much
north of the dispersion line shown on the map.

VALUE oF ScHEDIUS As AN ENEMY oF THE Girsy MoTH

Schedius is an important egg parasite of the gipsy moth in the
milder parts of southern New England. In Massachusetts it has been
found abundant in many sections within 50 miles of the seacoast
and especially in towns along the south coast and on Cape Cod.
There is often a large winter mortality which may account for its
uneven distribution and periods of scarcity, but as it has several
generations each year it increases rapidly under favorable conditions.

LARVAL PARASITES

APANTELES MELANOSCELUS Ratzeburg

Apanteles melanoscelus Ratzeburg, a braconid parasite (fig. 15)
of the gipsy-moth larvae, has two generations each season, the first
generation developing in first and second instar caterpillars and the
second generation in third and fourth instar caterpillars. In general
the two generations are confined to the stages as mentioned above,
although many third instar gipsy-moth caterpillars are destroyed by
the first generation, and large numbers of fifth-instar caterpillars and
a few sixth-instar caterpillars are killed by the second generation of
this parasite. The parasite passes the winter as a full-grown larva
within a very tough, strongly woven, yellowish cocoon. The cocoons
are attached to tree trunks, particularly on the underside of the
branches, as well as on the underside of fence rails, and on articles
(pl. 4) on the ground to which the parasitized caterpillars have crawled.
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ForeiGN DISTRIBUTION AND ABUNDANCE

This parasite is found over most of Europe, especially in the south-
ern area. In recent observations it has been recorded from southern
Tranee, Spain, Portugal, northern Africa, Italy (being especially
abundant in Sicily), Germany, Poland, Czechoslovakia, Hungary,
Yugoslavia, and Bulgaria. In addition to these locations specimens
have been received at the gipsy-moth laboratory from Vienna, Aus-
tria; and Bendery, Russia.

Although this parasite has a wide European distribution it has been
found abundant in only a few locations. Under the conditions which
have prevailed during the recent European work of the Bureau of
Entomology, this parasite has not been obtained in sufficient numbers
to indieate that it is a parasite of primary importance as an enemy
of the gipsy moth. Exceptions to this condition were found in
Sicily by the junior author, and in Spain at Alcala in the province of

Fi1G. 15.— Apanteles melanoscelus, adult female, X14. (Crossman)

Cadiz, where Mr. Dohanian, in 1924, loeated a medium gipsy-moth
infestation. Here several trees had over 1,000 parasite eocoons each,
and a large number of trees had several hundred cocoons eacl.

In 1911 and 1912, W. F. Fiske, formerly of the Bureau of Ento-
mology, reported a great abundanee of this parasite at Caltagirone
and Barcellona, Sieily. He estimated that an average of 75 per cent,
and in some places more, of the caterpillars were parasitized by this
species. In one place he estimated as high as 10,000 cocoons on a
single large tree. The junior author visited this area in 1922, at
which tiine the gipsy-moth infestation was much lighter than during
1911 and 1912, but cocoons of A. melanoscelus were very abundant.
Judging by the number of the previous year’s gipsy-inoth egg clusters
present and the abundance of the coeoons of this parasite, there
must have been in this forest a medium gipsy-inoth infestation during
the preeeding year. The new gipsy-moth egg elusters were scarce,
and the evidence obtained strongly indieated that this parasite was
the primary eause for the decrease of the moth.
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Lire History anD HaBITS

The adults issue from their cocoons about the time that the gipsy-
moth eggs are hatching. The first are mostly males, the females
appearing a few days later. A few hours after the females have
issued from their cocoons they are ready to begin ovipositing. If
they have not been fertilized they reproduce parthenogenetically,
the resulting progeny being nales. The females work rapidly in the
bright sunlight, flying from one caterpillar to another. There is no
apparent examination of the prospective host, merely a quick inser-
tion of the ovipositor and the deposition of a single egg.  Occasionally
a female lays more than one egg in the samc host, which is a waste of
eges, for very rarely does more than one parasite larva issue from
the same host. The females which have issued from the hibernating
cocoons prefer first and second instar gipsy-moth caterpillars for
oviposition. The egg may be inserted in any part of the body of the
caterpillar, but more often it is inserted in the posterior half. The
number of eggs deposited by an individual varies, but records at the
gipsy-moth laboratory indicate that each female is capable of laying
approximately 1,000 eggs (8). . )

The egg stage lasts from four to six days, depending upon the
temperature. There are three larval instars, the first one lasting from
two to three days in the spring generation and from six to eight
days in the summner generation. The second larval instar of the
spring generation occupies from two to three days, and of the summer
generation from five to seven days. The time spent in the host by
the third-instar larvae of the spring generation is from a few hours
to two days, and as long as three days by the summer generation.
The third-instar larva, when ready to issue, bores its way through
the body wall of the caterpillar.

The construction of the cocoon is started before the larva is entirely
out of its host. The spring-generation larva requires about two
hours to mnake its cocoon, while nearly four hours are consumed by
the summer-generation larva. The cocoons of the first generation
are light and delicate, constructed of a yellowish white silk, but those
of the second generation are strong and densely woven, and are of
a light sulphur yellow.  Within the cocoon the larva transforms to the
mature insect. The adults of the spring generation issue in from
five to nine days; the summer-generation larvae contract somewhat
and become quiescent, and in this condition they remain until the
following spring, when they pupate, the adult issuing at about the
time when the gipsy-inoth eggs begin to hatch.

IMPORTATION OF THE PARASITE

The original colonization stock of this species was obtained in
1911 by W. F. Fiske, in Sicily. Arrangements were made at Portici,
Italy, for the use of a room where the material could be handled
during the summer. Large collections of gipsy-moth caterpillars
were made in Sicily and transported to the Portici laboratory, where
they were placed in trays, fed, and cared for. As the first-generation
parasites issued from the caterpillars and spun their cocoons in the
trays, the cocoons were removed and placed in a refrigerator to
retard their development. In addition to the material obtained in
this manner, large numbers of cocoons of this parasite were collected
in the forests of Sicily. These were placed in specially constructed
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HIBERNATING COCOONS OF APANTELES MELANOSCELUS

A, Cocoons O« 13) on underside of vessel collected at Weymouth, Mass., 1920; B, cocoons (X 14) on
underside of bark collected at West Bovlston, Mass., 1920, ', cocoons (X 1) on nnderside of
branch collected at Hingham, Mass,, 1020; D, cocoons on stump (natural size) collected at Mel-
rose, Mass., 1916, (Crossman.)
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containers in a compartment which was surrounded by snow or ice.
They were then taken or sent to Portiei for repacking, and, together
with the coeoons obtained from the rearing trays at Portici, were
shipped to the laboratory at Melrose Highlands. The shipments
were made as often as possible, to avoid retarding the development
of the parasites any longer than necessary. Some of these packages
were arranged so that the eoeoons were in compartments which
were surrounded by an ieed chamber, and upon arrival in New York
City the paekages were reieed and sent to Melrose Highlands. Other
paekages were sent without ice, the development of the parasite
being retarded by keeping the packages in the steamer’s cold-storage
room.

As a result of this work about 125,000 first-generation coeoons
were received at Melrose Highlands during June, 1911. Later in
the season 17,000 coeoons of the second generation were received.
During the summer of 1912 the work in Sicily resulted in the ship-
ment of 22,000 cocoons of the second generation.

CoOLONIZATION

In this country the first-generation eocoons introdueed in 1911
were placed in ({arkened eontainers, into which glass tubes were
inserted to draw out the adult parasites and any seeondary inseets
whieh they might contain. By this method the injurious insects
were separated and destroyed, and the benefieial ones liberated.
The 17,000 second-generation cocoons received during 1911 were
placed in gelatine eapsules and kept in an outdoor inscctary at the
Melrose Highlands laboratory. = The 22,000 second-generation
coeoons of 1912 were cared for in a similar manner. The adult
Apanteles which issued during the sueceeding springs were liberated.

The total liberations of this parasite which have been made in
this eountry are shown in Table 5.

TanLe 5.—Number of Apanieles melanoscelus liberated in the United States,

1911-1927
Number of in-
qigidutzils Number of colonies liberated in—
libera!
. o - | Total
Year Colo- | ' . bor of
Qi nized "
sicil- | New | Mas- | Now Rhode | Ver- ‘ New | New | colo-

Maine

hu- | 10 neet-
i l sachu- amp- nect-
stock 1 f;‘:ﬁi setts | shire icut

| stock

Island | mont ,Jerscy York nies

|

—-
D S8 S 03 1 s e

[

2
54
67
2
9
2
7,105 10
Total. ' 2,476 132,177 257
1 Adults.

1 Probably a part of these should be credited to A. porthetriae Mues.
¢ During 1925, 1926, and 1927 adult Apanteles were colonized. Previous to 1925 the cocoons were colonized,
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It will be noted that only 23,000 adults were liberated from the
125,000 first-generation cocoons which were introduced, and that only
a small percentage of Apanteles issued from the second-generation
cocoons received during 1911 and 1912. The mortality in all three
cases was very high. In the first case it was probably due largely
to the long exposure to cold-storage conditions. Subsequent experi-
ments have shown that such unnatural conditions are often harmful
to insects, especially to the braconids during the period when nor-
mally they would transform in a few days from larvae to adults.
In the case of the second and third shipments, which were second-
generation cocoons, a very high percentage of the Apanteles were
killed by hyperparasites. In addition to this the cocoons were
kept in sealed gelatin capsules without any ventilation before the
parasites emerged and were liberated, a condition which in later
work has been avoided by pricking each capsule with a needle.

Fi1c. 16.—~Apparatus used for rearing and colonizing parasites and beetles. A, Colonization cans;
B, glass vials 1 by 4 inches; C, glass vials 2 by 8 inches; D, pasteboard botes 4 by 5 by 714 inches;
E, rearing cans; F, collecting box; G, glass rearing jars; H, small rearing can with glass cover; 1,
galvanized-iron cylinders used for carrying insects through the winter; J, cylindrical cages for carry-
ing Calosoma beetles through the winter; K, wooden box witb sliding glass top.

All of the parasites liberated after 1913 were obtained from stock
established in New England. Groups of towns for colonization
sites were chosen each year, just outside of the known dispersion
of the parasite, and in each of these towns were placed approximately
500 first-generation cocoons. The liberations were made by placing
the cocoons in small eylindrical tin cans (fig. 16, A) 214 inches high
and 2 inches in diameter. These cans have holes in the side near
the top through which the adults can escape. The cans were nailed
to trees in the woodlands where there were gipsy-moth infestations
of medium intensity. After placing the cocoons in the can, the
cover was put on to keep out the rain and protect them from birds
and other enemies. A band of sticky material was then placed
around the can to prevent ants from getting to the cocoons, for they
would very quickly destroy a colony.
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In 1925, 1926, and 1927 the Apanteles cocoons were held at
the laboratory until the adult parasites issued. These were
then placed In containers to ensure the fertilization of the
females before they were liberated. Although the libcration of
fertilized females requires more attention than the colonization of
the parasite in the cocoon stage, there is less danger of females
dispersing before fertilization takes place. This mecthod is con-
sidered much better than the colonization of cocoons, as the
colony has a better chance of bccoming established.

Up to and including 1927, 257 coTomcs, usually of about 500
each and totalling 155,653, had been liberated as follows: 113
in Massachusetts, 60 in New Hampshire, 31 in Maine, 28
in Connecticut, 11 in Rhode Island, 11 in Vermont, 1 in New
Jersey, and 2 at
Brooklyn,N.Y. The
colonies placed at
Brooklyn were liber-
ated in an area where
the white-marked
tussock moth is
abundant.

ApparaTus USED IN
Lire-HisTory StUD-
1ES AND LARGER RE-
PRODUCTION WORK

The glass-covered
tray shown in Figure
17, and described
under the title “Ap-
paratus used In
g;(g’nls):llllélll(‘; , ,}va%ﬁﬁi; FiG. 17. Reprodx;gsgglt(rjtf:{hgspe; als?tééfe t}x(_s)tlﬁl;}'er)expenments with
was developed and used in the Compsilura lifc-history work, is very
useful in connection with the Apanteles breeding work and has been
used to a considerable extent in similar work with several parasites.
Glass vials 1 by 4 inches (fig. 16, B) and larger ones 2 by 8 inches (fig.
16, C) are also useful in small breceding experiments. The smaller
ones are often used while exposing individual caterpillars to Apanteles,
and the larger ones are very satisfactory for keeping the Apanteles
confined and fcd. When they are not being used the parasites should
be kept in a dark, cool place where they will remain quiet.

In order to rear large numbers of this species & wooden breeding
chamber (fig. 18) has been constructed. It is 5 feet long, 214 feet
wide, and 10 inches deep, with glass top and bottom. Trays, the
proper size to be inserted easily in this chamber, are used. After the
trays have been stocked with approximately 10,000 first-instar gipsy-
moth caterpillars they are placed on racks where the caterpillars are
fed and allowed to develop a few days before being exposed to the
parasites. After a supply of adult Apanteles has becn placed in the
chamber a tray of gipsy-moth caterpillars is inserted.

It is important to control the licht entering the chamber, so that in
manipulating the trays the parasites will not be injured or lost. By
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Fia. 18.—Breeding chamber for Apanteles melanoscelus. A, Chamber resting on its side,
showing X, a board to close open end; B, chamber ready to stock with Apanteles and gipsy-
moth larvae; tray containing gipsy-motb larvae shown partly inserted at ¢, light being ad-
mitted at }; C, chamber resting on horses with light entering from bottom only. (Crossman)
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F1c. 19.—Some apparatus used in rearing parasites of the gipsy moth and brown-tail
moth, A, Large wooden cage 30 by 24 by 24 inches, called tube cage, used for rearlng
parasites from imported brown-tail moth webs (Hloward and Fiske); B, large rearing
tray 24 inches wide, 60 inches long, 5 inehes deep, with clotb bottom designed by Fiske
in which brown-tail-moth and gipsy-moth caterpillars are fed until parasites issue,
webs being sbown on bottom of tray; C, small rearing tray made of heavy paraffined
pa%er pressed so as to fit a 14-inch square wooden frame, containing brown-tail moth
wel

45
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allowing the light to enter the chamber from the top, near the end
farthest from the opening through which the tray is inserted, the para-
sites arc drawn to the light area at the top of the chamber while the
tray is insertcd or removed. While the tray containing the eater-
pillars is in the chamber, all light is excluded, excepting that which
enters through the cloth bottom of the tray, which draws the para-
sites to the bottom where the caterpillars are feeding. When the
caterpillars have been exposed for a sufficient time the tray is with-
drawn and another one put in its place. This process is continued as
long as_the supply of Apanteles is available. The parasitized cater-
pillars in the trays are fed and cared for until the parasite larvae
issue. The Apantelcs
cocoons are then re-
moved and colonized
or held to rear the
adults for liberation.

The following
method of rearing
Apanteles in large
numbers for e¢oloni-
zation has also been
satisfactory, although
it has not replaced
the chamber method,
for it is not quite so
dependable, and there
is more or less loss of
the parasites. An
ordinary rearing tray
with a eloth bottom
is used, well stocked
with small gipsy-moth
eatcrpillars. By cov-
ering the top with
F16. 20.—Small Fiske tray for feeding gipsy-motb caterpillars. Sec- bla‘Ck paper a]l hght

tion at the top has been sawed out and bent back to show the sticky  1s exeluded from the

band whicb prevents the caterpillars from escaping. (Burgess)
tray  except that
which enters through the eloth bottom. The parasites are inserted
through a small opening and allowed to remain in the trays for
several days, after which the paper tops are torn off, and the adult
Apanteles allowed to eseape. The trays are then cared for in the
usual manner.

The breeding work to obtain Apanteles for eolonization is supple-
mented by eollections of gipsy-moth caterpillars from areas in New
England where this parasite is plentiful. Such collections are placed
in wooden trays (fig. 19, B), with eloth bottoms, where they are cared
for until the parasites issue. To prevent the escape of the caterpillars
a band of sticky material is placed on the underside of the horizontal
edges which projeet around the top of the tray. (Fig. 20.)

CorrEcTioNs oF HosT CATERPILLARS To DETERMINE THE PERCENTAGE OF
PARASITISM

In an endeavor to ascertain the percentage of gipsy-moth cater-
ﬁlllars killed by Apanteles melanoscelus each year, collections of the
ost have been made several times a week for a number of years.,
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Because of the time involved such collections must of necessity be
made relatively near the laboratory. These collections have been
inade at Melrose and Stoneham when possible. Collection of the
caterpillars is begun soon after the first-instar gipsy-moth caterpillars
are present in the field. One hundred of these caterpillars are col-
lected on each collecting day as long as that number of first-instar
caterpillars can be obtained. As soon as cnough second-instar cater-
pillars are in the field to make a collection of 100 possible the collec-
tions of this instar are started. This system of collecting is continued
through the caterpillar season; consequently two or more collections
are often made on the same day at the same point.

A much abridged table showing the data obtained from these col-
lections is Table 6. The dates indicate when the first and last cater-
pillar collections were made from which Apanteles were recovered.
In the columns ‘““First generation” and ‘‘Second generation” are
aiven, for each season, the lowest and highest percentage of parasitism
obtained in the series of collections. In all cases there were many
collections showing a percentage of parasitisin between these extremes.

TaBLE 6.—Per cent of gipsy-moth caterpillars ki.lled by Apanteles melanoscelus,
1

9151927
Percentage of parasitism of gipsy-
moth larvae caused by—
| - S
Year Collected in town of— | Dates of collections First generation Second generatlon
From— | To— From— To—
1915 .. Stoneham_____________ | May 28 to July 9______ 0 | 8 (1] 4
Melrose ___ .l May 28toJuly 19_____ 0 6 ] 18
1916 oo . Stoneham _ .| May 29to July 10__._. [} 10 (1] 10
DMelrose___ May 29 to July 23_____ 1 117 0 20
1917 ... Stoneham_ [ June6toJuly 23__.___ 0 8 0 28
Melrose___ June 8 toJuly 23______ 0 11 0 36
1918 ... Stoncham_ May 23 to June 19.____ 1 13 0 4
Melrose__ May 17 to June 20..._. 3 724 1 16
1919 . Stoneham_ May 28 to July 11..... 0 21 0 2
Melrose___ May 2 toJuly 10_____ 5 16 (1] 19
1920 ... Melrose 2__ June3 toJuly 6. __.__ 0 1 0 2
| Melrose. . May 27 to July 13_____ (1} 4 1} 4
.- May 17 to June 27_____ 0 3 0 2
--{ May 20 to June 23_____ 0 14 0 4
.- May 13 toJuly3....__ 0 7 0 633
May 17 to July 17____. [} 25 0 22
| May 22to July8______ 0 24 0 38
May 14 to July 1__ 0 1 0 36
May 25 to July 29_ 0 1 0 8
- May 16toJuly 28_____ 1] 4 0 767

! There were three colleetions in which 17 per cent of the larvae were parasitlzed, and one collection in
which 16 per cent were parasitized. The other collections showed a lower percentage parasitized.

? There were three collections in which 24 per cent of the larvae were parasitized, and one collection in
which 22 per cent were parasitized. The other collections showed a lower percentage parasitized.

1n 1920 gipsy-moth larvae were so scarce in Stoneham that collections in Melrose were substituted.

4 1n 1921, because of the scarcity of the gipsy moth in Melrose, Saugus was substituted.

 During the vears from 1922 to 1927, inclusive, only one set of collections was niade.

¢ There were three collections in which over 30 per cent of the larvae were parasitized. The other col-
lections were lower.

" There were four collections in which over 40 per cent of the iarvae were parasitized. The other col-
iections were lower.,

Practieally all collections contained 100 gipsy-moth caterpillars,
excepting in the last four years, when the size of each collection
was decreased to 50 each. Although these collections were made over
a limited arca they are representative of conditions in many towns in
the older infested territory. In addition to the serial collections of
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gipsy-moth caterpillars recorded in Table 6, small collections of cater-
pillars have been made in scattered localities throughout the moth-
infested area. The data obtained from such collections, together with
field observations, have shown that this parasite is often very abun-
dant in limited areas, and collections of gipsy-moth caterpillars are
often obtained which show from 20 to 30 per cent of parasitism caused
by this species.

RECOVERY AND DISPERSION

Apanteles melanoscelus was recovered the first year following its
liberation in this country; sparingly at first, but in greater numbers
each successive year. The dispersion of this parasite has been aug-
mented cach year by liberating new colonies outside the area in which
the species was known to be present. The natural spread has been
in a northeasterly direction, and this fact has influenced the locations
in which the new colonies have been liberated. The dispersion of the
parasite in New England as determined by the laboratory records is
shown in Figure 3. Further colonization of this parasite 1s necessary
in order that it may more quickly become established over the entire
territory that is infested by the gipsy moth.

VALUE OF APANTELES MELANOSCELUS

As indicated in Table 6, this parasite is of considerable value as a
parasite of the gipsy-moth caterpillars. It has two generations annu-
ally either one or both of which may make appreciable inroads on a
gipsy-moth infestation. Although A. melanoscelus was first liberated
1n 1911 it did not become noticeably abundant until 1916, and then
only in a few locations. Nearly every year since then it has been
observed in large numbers (pl. 4, A, B, C, and D), in many small,
widely separated areas. The benefit derived from the establishment
of this parasite in the United States is not confined to the control
of the gipsy moth alone, for field records have been obtained of its
attacking the satin moth, Stilpnotia salicis L., a foreign insect which
has recently become established in the United States and Canada,
as well as the white-marked tussock moth, Hemerocampa leucostigma
S. & A. In addition it has been reared in laboratory experiments
from Malacosoma americana Fab., M. disstria Hitbn., Olene basiflava
Paek., and from the brown-tail moth, Nygmia phaeorrhoea Donovan.

Like many of the introduced parasites and like the hosts them-
selves, it has its periods of abundance and scarcity. There are various
reasonsﬁor this periodicity. In the first place the host must be present
in suitable numbers to allow for its rapid increase. Seeondly, climatie
conditions are of very great importance, especially during the period
when the parasites are ovipositing, for at this time during warm
bright days the females are very active, but they do not oviposit
readily when the weather is cold or rainy. The third and most serious
handicap to A. melanoscelus is the enormous mortality caused by
hyperparasites.

The hyperparasitism of this insect by species occurring in this
country is much higher than that of the other parasites which have
been introduced as enemies of the gipsy moth and the brown-tail
moth. Records obtained at the laboratory show that over 95 per
cent of the overwintering brood of A. melanoscelus are frequently
destroyed by hyperparasites. Muesebeck and Dohanian (21) have
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reared some 35 species which attack this parasite and have cited 14
species which are particularly harmful. They list these in the order
of their importance as follows:

Eurytoma appendigaster (Swed.) Hypopteromalus tabacum Fitch

Dibrachys boucheanus (Ratz.) Habrocytus duz Girault

Hemilteles tenellus (Say) Hemiteles fulvipes Grav.

Dimmockia incongruus (Ashm.) Eupelminus saltator (Lindm.)

(elis bucculatricts (Ashm.) Dimmockia pallipes Mues.

Gelis apantelis (Cushm.) Pleurotroprs  tarsalis (Ashm.)} Principally
Eupelmus spongipartus (Foerst.) Pleurotropis nawaiz (Ashm.) tertiary.

This Heavy hyperparasitism, however, is not likely to be fatal,
for comparable conditions exist in Sicily where this Apanteles was
obtained. The junior author visited this area during the spring of
1922 and found Apanteles melanoscelus very abundant, yet in the
examination of 100 cocoons hardly one could be found which had not
been killed by hyperparasites or destroyed by ants.

There is a close relationship
between the abundance of the
gipsy moth, of this Apanteles,
and of its hyperparasites, any
one of which often increases
rapidly under favorable condi-
tions. In several cases in this
country where the gipsy-moth
infestation was increasing there
has been noted a remarkably
rapid increase of this parasite,
which, in turn, has been over-
taken by the hyperparasites;
not, however, until it had had
its effect on the gipsy-moth
infestation.

Such hyperparasitism is an
extraordinary handicap to over- 10 A e i s Poioter disparta.
come. Fortunately Apanteles
has two generations annually, which gives it a reproductive capacity
considerably greater than that of its host. The first or spring genera-
tion is exposed to the hyperparasites for only the few days while it is in
its cocoon, and it is not parasitized to a serious extent. In spite of the
great mortality of this species it is one of the most valuable introduced
enemies of the gipsy moth.

HYPOSOTER DISPARIS Viereck

Although ITypoesoter disparis Viereck (fig. 21), a parasite of the
small gipsy-moth caterpillars, was recovered in very satisfactory
numbers in 1913, it has never increased to any appreciable extent.
It has a single generation annually and hibernates within its cocoon.
It has been recovered sparingly nearly every year since its intro-

duection.
ForergN DISTRIBUTION AND ABUNDANCE

The records at the gipsy-moth laboratory do not show it as a
widely distributed species. In 1907 this parasite was first discovered
in a small collection of gipsy-moth caterpillars imported from Kiev,
Russia. The number obtained, in comparison with the number of

1781°—29——4
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caterpillars in the box, indicated that the percentage of parasitism
was considerable; but an expert traveling in Russia for the Bureau
of Entomology in 1909, who searched for this parasite especially,
was able to find only a few cocoons. In 1910 another search for it
was made in several Russian forests but to no avail. In Gioia Tauro,
Italy, it was found abundantly in 1911. o )

During the recent gipsy-moth parasite investigations in Europe
nothing comparable to the great abundance of this species in Italy
in 1911 has been found. Several new distribution records have been
obtained, but so far as these investigations have shown Hyposoter
has been only an incidental enemy of the gipsy moth. During this

F16. 22.-- Cocoons of Hyposoter disparis on leaves in gipsy-moth feeding tray. Note the caterpillars
from which the parasite maggots issued

work a few have been recovered in Spain, Hungary, Poland, Yugo-
slavia, Bulgaria, and Czechoslovakia.

Lire History aAND HaBITS

Because of the great scarcity of this parasite in New England it
has not been possible to make a detailed study of its life history and
habits. At the time of its colonization in 1912 the chief object was
its liberation and establishment. Since that time so few have been
recovered each year that, until 1926, its life history had received
little attention. For several years large collections of gipsy-moth
caterpillars were made near the sites where this purasite had been
liberated. In many cases the parasite was not recovered, and on
several occasions when a few cocoons were obtained the parasites died
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during hibernation, or only a single sex issued the following spring.
Curiously enough, only males have been recovered in some seasons
and only females in others.

Several cocoons were obtained during the summer of 1926, and about
65 more came with the parasite introductions from Europe. During
the spring of 1927, for the first time since 1912, adults of both sexes
emerged after hibernation at the laboratory. Apparently fertilization
occurred, but only males were obtained from the resulting cocoons.

The species has a single generation and is entirely dependent on the
gipsy moth. The adults issue from their cocoons about the first
week in May, according to R. Wooldridge, who is investigating the
life history of this species. They insert their eggs in first-instar and
second-instar eaterpillars, and the mature larvae issue from fourth-
instar caterpillars. In nature most of the larvac drop to the ground,
and here the cocoons are formed and the winter is passed. Some
cocoons have been found on tree trunks and leaves but they are easily
dislodged. In laboratory rearing trays the cocoons are found in the
bottom of the trays or attached to the foliage (fig. 22) which was
placed in the tray as food for the caterpillars,

INTRODUCTION AND COLONIZATION

As stated, Hyposoter was found in great abundance at Gioia Tauro,
Italy, in 1911. About 125,000 cocoons of it were gathered in the
field, placed in boxes, and shipped to Melrose Highlands. Most of
these cocoons were picked up from the leaf mold on the ground where
the species normally passes the winter.

When the cocoons were received at the Melrose laboratory they
were divided into small lots and placed in stout pasteboard boxes
(fig. 16, D), on which were placed tight-fitting covers. A glass vial
4 1nches long and 1 ineh in diameter was inserted in a paper cone in
the end of each box to draw off the adults or any hyperparasites
which might issue. The cocoons econtained a great variety and abun-
dance of hyperparasites which continued to issue throughout the sum-
mer and early fall. Later, after this issuance ceased, a large nuinber
of the cocoons from which no hyperparasites had issued were eolon-
ized. These were placed on sphagnum moss in a cage in the ground.
More sphagnum moss was placed over them, and the cage was then
covercd with heavy wire netting coarse enough to allow the para-
sites to escape and strong enough to protect the material from
enemies. The remainder of the material was carried through the
winter at the laboratory and about 12,000 adults issued the following
spring and were liberated. About 500 cocoons were received during
the summer of 1927. These have been placed in hibernation cages.

RECOVERY aAND DISPERSION

Hyposoter disparis was recovered in 1913, the year following its
liberation. It is recovered each year but only very sparingly and not
more than a few miles from the area where it was originally liberated.

VALUE oF HYPOSOTER DISPARIS

Up to the present time it has not been an important enemy of the
gipsy moth in New England. Its annual recovery, although in small
numbers, indicates that it is firmly established. In the European
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investigations it has been recovered from several eountries but only
abundantly one year, in southern Italy. It may be that this para-
site is able to increase to advantage only in a milder climate than is
found around Boston. ) . . )

A beginning was made in 1926 to increase this species by rearing
it at the laboratory, but several seasons may be required to rear a
sufficient number for a satisfactory liberation. As soon as enough
are on hand it is the intention to place a strong colony in southern
Massachusetts, the climate there being milder than it is in the Boston
area, where this parasite is now merely existing. It is hoped that when
this has been done the parasite will be under more favorable con-
ditions and become the important gipsy-moth enemy that it was in

1911 in Italy.
COMPSILURA CONCINNATA Melgen

One of the first parasite enemies of the gipsy moth and the brown-
tail moth to be obtained from Europe was Compsilura concinnata.

F16. 23.— Compsilura concinnata; adult female, X 614

(Fig. 23.) It was first received in 1906, and then in each successive
year up to and including 1911, but it was not until 1909 that it was
considered “as of particular importanee as a gipsy-moth parasite”
(14, p- 220). This tachinid passes the winter as an immature maggot
within hibernating lepidopterous pupae (26), and has three, and
possibly four, generations annually. In New England it has been
one of the principal cheeks on the increase of the gipsy moth and the
brown-tail moth, as well as an important enemy of native insects.

Foreren DISTRIBUTION AND ABUNDANCE

This species has a wide distribution and has been recovered from
the following countries: France, Belgium, the Netherlands, Germany,
Poland, Czechoslovakia, Austria, Hungary, Bulgaria, Yugoslavia,
Switzerland, Portugal, Spain, Italy, Russia, and Japan. During the
recent foreign work it has been found often in Europe, but not in
abundance in the areas where experts of the Bureau of Entomology
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have carried on their investigations until the summer of 1927. It
has been rearcd from collections of gipsy-moth larvae made by them
in Hungary, Czechoslovakia, Poland, Bulgaria, Yugoslavia, Spain,
and Portugal. The data obtained from the recent European work
of the bureau up to 1927 would indicate that this species 1s not an
important enemy of the gipsy moth. It will be remembered, however,
that during the early years of the importation work this species was
received only sparingly for three years, and it was not until the
fourth year of the work that it was considered of importance as a
gipsy-moth parasite. .
he number of Compsilura received from Europe during 1909

indicated that it must have been an important parasite of the gipsy-
moth caterpillars that season. It was found in many locations,
especially in southern France and Germany. The large number of
European insects recorded as hosts of this parasite is also indicative
of its importance. The records show that in Europe there are years
when Compsilura is of considerable importance as an enemy of the
gipsy moth and the brown-tail moth. Evidently it has periods of
abundance and scarcity, as is the case with many insects.

Its value as a gipsy moth and brown-tail moth parasite is largely
dependent upon the abundance of suitable hibernating hosts, and
this accounts to a large degree for its periodicity of abundance.

Lire History AnD IlamriTs

Compsilura concinnata passes the winter as an immature maggot
within its host. About 25 species of hibernating hosts in this country
have already been discovered in the investigations (26) carried on
at the gipsy-moth laboratory at Melrose Highlands, Mass.

From the middle to the last of April the full-grown parasite mag-
gots issue from their overwintering hosts and pupate, the adults
appearing about 10 days later. There are from threc to four genera-
tions annually, the first one attacking the small brown-tail moth and
gipsy-moth caterpillars. Other records show that this generation
is not confined to these two species but attacks many native insects
also. The adult parasites live from 18 to 20 days, so there is an
overlapping of generations in the field, and adults may be collected in
the field from May 1 until November 11.

The female is provided with a long curved sheath which is very
sharply pointed. It is used for piercing the bodies of the caterpillars,
and guides the larvipositor as a living maggot is inserted into the
host. According to Culver (12), and Tothill (24) the reproductive
capacity of Compsilura ranges from 90 to 119 maggots. In nature
the females are presumably more fecund than in confinement.

There are three larval instars within the host, requiring an average
of 13 days for their development. The mature third-instar maggot
bores through the skin of the host, usually in the caterpillar stage,
and pupates outside of it, but occasionally it does not issue until
its host has pupated. If the host of Compsilura is a brown-tail-moth
caterpillar the maggot usually issues while the caterpillar is spinning
its loosely woven cocoon and may pupate within the cocoon. When
the host is a gipsy-moth caterpilf’ar the maggot upon issuing usually
drops to the ground and enters the soil for pupation, but it may
pupate 1n masses of molted skins or pupae. The puparia (fig. 24)
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are often found in erotehes of trees where the hosts are resting or
under débris and stones on the ground where the parasitized cater-
illars have ecrawled. In from 10 to 14 days after the parasites have
eft their hosts the adults of the next generation appear.
Reproduction eontinues during the summer, and as the hosts pre-
pare for hibernation the Compsilura maggots within them beeome
quieseent until the following spring.

IMpPoORTATION

During the first years of the introduetion work large numbers of
brown-tail moth an(f gipsy-moth eaterpillars were eolleeted from many
areas in KEurope. These were sent to the gipsif-moth laboratory, first
at Saugus, Mass., and later at Melrose Highlands, Mass. For ship-
ment, the eaterpillars were placed in light wooden boxes about 8
inches long, 5 inehes wide, and 3 inehes deep. In one end of each
box was a hole about 1 inch in diameter eovered by fine eopper-wire
netting. KEaeh box was well supplied with foliage for the eaterpillars
and covered with a wooden top. The boxes were then made up into
packages of size eonvenient for shipment. There was usually a very

Fi6. 24— Compsilura concinnata: Lateral view of puparium, about 10 times
natural size

heavy mortality of the eaterpillars while in transit to this eountry,
but in many eases the Compsilura maggots issued from the eater-
pillars en route and pupated suecessfully in the boxes. From 1906
to 1908 most of the Compsilura were obtained in this manner from
shipments of full-gcrown brown-tail moth eaterpillars. In 1909, 1910,
and 1911 many Compsilura were recovered from shipments of gipsy-
moth caterpillars as well as from brown-tail moth eaterpillars.

CoLoNIZATION

Compsilura was first reeeived and liberated in 1906 with some other
tachinids. The identification of these parasites was not possible at
the time, so the exaet number of Compsilura which were liberated
in that and the following year will never be known. It is known
however, that the liberations made in 1907 were mueh greater than
those of the preceding year. In 1908 no liberations were made. al-
though the species was received from several European eountries.

The numbers of Compsilura whieh have been liberated are given in
Table 7.
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TaBLE 7.-—Colonization of Compsilura concinnata in the United States

| Number of Compsilura liberated in—

YOO | Now | District New |, Cali- | New | miorda | Total
England of Ctﬁlum- Canada Mexico | Arizona | (oo | Jersey orida otal
!

| |
| o R 8, 121
| o | 1,186
615 | | 1,170
13,125 2,357 | 5,482
, 565 4,238 , 053
14,488 | 5,900 22,638
9, 582 4,013 18,496
9, 518 oo v15,728 27,368
1,900 |___- L 1, 900
...................... 10, 625
1,400 | 1 4,400
................. -] 4,882
TN IR IR N 1,763
K 5, 000
g 6,645
- 2,896 i %%
13,384 | _-- | 2,750 | 16,134
Total..| 69,167 437 | 31,048 | 5405 | 12,625 | 2,50 | 22,656 3,021 | 147,759

1 Many more than previous year. .

7 All of the Compsilura liberated previous to 1912 were of foreign stock. Slnce 1912 all of the Compsilura
for liberation have been obtained in the New England States except 13,384 in 1927 which came from Europe.

¥ Most of the Compsilura which have been sent to Canada were obtained by experts from the staff of
the Dominion entomologist who made their headquarters, while obtaining this material, at the gipsy-moth
laboratory at Melrose 1iighlands, Mass.

In New England this parasite has been colonized in the adult form
as well as in the puparial stage. When the puparia have been col-
onized they have been placed on the ground in protected places and
lightly covercd with a layer of earth and leaf mold. In rccent years
the practice has been to hold the puparia at the laboratory and allow
the adults to issue and mate before being liberated. This method of
colonization is considered better than the colonization of puparia.

Although there is usually considerable mortality of tachinids when
held as adults in confinement, the liberation of fertilized females has
cnough in its favor to counterbalance this mortality. When the tachi-
nids are colonized as puparia, the adults as they issue may spread
so rapidly that in many cases the sexes are not able to meet, and a
generation of males is produced parthenogenetically. When fertilized
females are liberated the number of parasites in each colony need not
be so great as when the colony is put out as puparia. This permits the
liberation of more colonies and makes for a quicker dispersion over the
infested territory. When puparia have been colonized, 500 or more
were placed in each colony. In liberating colonies of fertilized females
250 to 300 parasites in each colony are considered sufficient to insure
its establishment. It should be noted, however, that in attempting
the establishment of a foreign tachinid not present in this country
much larger colonics should be liberated.

ArparaTUS USED IN CoMpsiLURA LiFe-HisTory STUDIES

A wooden tray (fig. 17) about 14 inches squarc and 5 inches deep,
covered on the bottom with white cotton cloth and on the top with
glass, was found to be very useful in breeding work with this species.
Onc-inch holes bored in three sides of the tray and covered with fine
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copper-wire netting allow ventilation. Another 1-inch hole, near the
top of one of the sides, closed with a cork stopper, is convenient for
introducing adult parasites. A 2-inch hole bored in the side of the
tray not containing ventilation holes is used for inserting and remov-
ing the foliage for the caterpillars. This hole is closed by means of a
large wooden stopper. Often, in this large wooden stopper is a 1-inch
hole into which a glass tube full of water is inserted. The stems of
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the foliage pass into this tube of water through a small hole in a cork
stopper which fits into the open end of the tube. In this manner the
foliage in the cage is kept fresh. Another method of keeping the
foliage fresh is to mnsert the stems in the same way into the open end of
a small crook-necked bottle of water. Seepage of water from the tube
or bottle is prevented by wrapping the stems of the foliage with small
pieces of newspaper before inserting them in the cork stopper. The
foliage should be changed each day.
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The adult parasites are fed by slightly moistening pieces of sponge
with a mixture of 1 part of honey to 2 parts of water. These pieces
of sponge should be placed on a piece of paraffin paper so that they
do not foul the cage and should be thoroughly cleansed and mois-
tened with a fresh mixture of honey and water each day. Within
such a tray gipsy-moth caterpillars and Compsilura are easily kept
and observed.

Glass vials 8 by 2 inches were found very useful for sceuring larvi-
position in individual caterpillars for study. A fertilized female and a
caterpillar are confined in such a vial until the host 1s attacked. The
caterpillar is then removed and placed in a small tray (fig. 25), for
rearing. In cases where the study necessitated the keeping of a para-
sitized caterpillar isolated, small cans (fig. 16, E) were found to be
very satisfactory. These cans are easily kept clean and the foliage
remains fresh in them longer than in open containers.

MEeTtaOoDS UseEp To OBTAIN CoMPSILURA FOR COLONIZATION

By the year 1912 this specics was firmly established, but further
colonization to assist in its dispersion was necessary. The procedure
has been to make small sample collections of gipsy-moth caterpillars
from many locations, and from those showing the highest percentage
of parasitism large numbers of caterpillars were collected. Mainly
fifth-instar and sixth-instar caterpillars are collected for the bulk
recovery of this parasite. These are put in wooden boxes, 3 by
5 by 8 inches. (Fig. 16, F.) In each box with the caterpillars 1s
placed a small quantity of foliage and a note indicating the location
from which the collection was made. The boxes are then sent by
mail to the laboratory or brought in by the collectors. On arrival at
the laboratory the caterpillars are placed in large wooden trays and
fed. As the parasites issue they are removed from the trays and put
up in colonies of 500 each and kept in a cool place until ready for
colonization. If adults areto beliberated the puparia are placed on soil
in emergence cages (fig. 8, B) and handled as described on page 18.
After mating has taken place the females are put into a colonization
cage (fig. 9), to be taken to the field for liberation.

During the last few years, in addition to the Compsilura obtained
for liberation from gipsy-moth caterpillars, many have been reared
from large collections of caterpillars of the satin moth. This recently
introduced foreign insect is rather heavily parasitized by Compsilura
and, being abundant in many locations in eastern Massachusetts, is
a convenient host to collect in large numbers for bulk recovery of
Compsilura,

CoLLEcTION OF HOsTs To DETERMINE THE PERCENTAGE OF PARASITISM

As this parasite attacks a great variety of hosts the collections of
host caterpillars are not confined to the gipsy moth and the brown-tail
moth, but the satin moth and a large number of native insects are
collected annually.

PARASITISM OF NATIVE INSECTS

Compsilura has been reared at the gipsy-moth laboratory from
approximately 100 different species of insects (26), in most cases
lepidopterous caterpillars and pupae. With some species the para-
sitism has been very high.
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This information has becn obtained through the handling annually
of from 50Q to 150 different species, involving the care of fromn 18,000
to 60,000 native insects cach season. These insects are from many
collections, some of which contain only one larva, others several thou-
sand. They not only require daily fceding, but many of them must
be successfully carried through the winter in order that the dcsired
information may be obtained. The handling of so many species
requires the use of a large variety of rearing eages and a eareful system
of recording the data. The matcrial is collected by members of the
laboratory force when they are in the field, and also by members of
the field force who are provided with small mailing tubes for this
purpose. Many of the local moth superintendents in Massachusetts,

Fi16. 26.—Type of ordinary tray used at the gipsy-moth laboratory for feeding small collectionsof cater-
pillars. Note the band of sticky material on the inside of the sides and ends of the tray to pre-
vent caterpillars from escaping

and interested people all over New England, contribute to these
collections. As the host material arrives at the laboratory, it is
assorted according to the species and placed in containcrs suitable
for rearing the insects. The ordinary gipsy-moth rearing tray (fig.
26) 1s used for many species. For some species the glass-covered
tray shown in Figure 17 is better adapted. Another tray, useful for
some speeies, is a modification of the one shown in Figure 25. It has
a wire bottom instead of cloth, and may be placed on the ground or
may have a small quantity of earth put in it for the larvae, which
pupate in the soil. Many types of small cans and jars, some with
cloth tops, held in place by elastic bands and others with tin or glass
tops, are used. (Fig. 16, C, E, G.)
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Recently a cylindrical can 2 inches in diameter and 2 inches long
(fig. 16, H) with a glass top has been found very useful for rearing
individual caterpillars and their parasites. The cover is made by cut-
ting out most of the top of the tin cover of the can, leaving cnough
of the tin around the circumference to retain a circular piece of glass
placed behind it.  'The glass is held there by means of three small metal
clips soldered to the tin. With the glass fitted into the cover the hosts
or their parasites can readily be seen without removing the top; and
if a parasite has issued the can may be opened with less danger of the
parasite cscaping. When there are many containers to observe each
day the cans with glass covers save much time in the routine handling
of this matcrial.

Some of the collections which arrive at the laboratory are placed
in eontaincrs in which they are to pass the winter. Jars partly
filled with earth scrve the purpose satisfactorily for many species.
Other types of hibernating cages for insects which pass the winter in
the soil are shown in Figure 16, I. One of these is a galvanized-iron
cylinder about 10 inches long and 5 inches in diameter. The bottom
is covered with fine-mesh copper-wire netting and the top may be
covered with the sanie material or with cloth. Another one made of
a strong heavy wire netting is used for the hibernation of Calosoma
beetles.

PARASITISM OF GIPSY-MOTH LARVALR

Many colleetions of gipsy-moth caterpillars are made annually to
determine the percentage of parasitism of this species by Compsilura.
In general these collections may be divided into three series, namely,
the semiweekly collections, the annual collections from 25 specified
towns, and a large number of miscellaneous collections.

The semiweekly collections have been made during the caterpillar
season for several years at Melrose or surrounding towns. They are
merely a continuation of similar collections made of the smaller cater-
pillars for data in regard to the parasitism caused by Apanteles
melanoscelus, and are described in the part of this bulletin pertaining
to A. melanoscelus on page 46, The collections for recovery of
Compsilura consist of third, fourth, fifth, and sixth instar caterpillars.
Usually not many caterpillars which have been collected while in the
third instar have been in the field long enough to become parasitized
by Compsilura. High percentages of parasitism are sometimcs
obtained from caterpillars colleeted while in the fourth instar, but
the highest percentage is found in caterpillars of the fifth instar. A
decrease in the percentage of parasitism is ususlly shown in cater-
pillars collected as sixth instar. Occasionally Compsilura maggots
issue from gipsy-moth pupae, but the great majority of them issue
from the caterpillars.

Tables 8, 9, and 10 show the percentage of mortality of the gipsy-
moth caterpillars cansed by Compsilura in collections of caterpillars
made in Melrose, Stoncham, and Saugus. In most cases each collec-
tion consisted of 100 caterpillars, all of the same instar. These were
placed in trays and here they werc cared for throughout the season.
The trays were examined daily and careful records were kept of the
observations made. Each tray was eonfined in a screened compart-
ment (fig. 27) to prevent the occurrence of any parasitism at the
laboratory after the collections had been mada.
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Fic. 27.—Screened-in rack for holding trays of gipsy-moth larvae collected to determine the
amount of parasitism. Two trays are partially withdrawn to show the doors over each compart-
ment

TasLE 8.—Semiweekly collections of gipsy-moih caterpillars made at Melrose,
Mass., to determine the percentage of parasiiism caused by Compsilura concinnata

l Number of collections made and stage of larvae collected | Percentage of parasltism

Year |
3d and 4thand 5thand Low- | High- | Aver-
| w ath | 4th [T | B ’ oth | Oth | Test | Test | age
0 0 0
0 5 2
""""""""" 17 33 25
0 20 11
0 5 1
2 24 7
""""""""" 0 30 15
0 10 5
0 0 0
0 5 4
""""""""" 2 8 5
0 @ 5
0 2 1
1 3 2
""""""""" 0 42 12
0 45 24
0 11 4
4 20 15
1 158 35
3 26 9
0 1 1
7 131 19
3 187 40
0 1 1
0 3 1
0 3 1
0 8 1
4 }g 5
i ions 0 ]
1925 dissections...._ 0 8 b
0 4 2

10f the 17 collections made, 9 showed from 19 to 44 per cent of parasitism.

3 Of the 9 collections made, 6 showed over 20 per cent of parasitism.

3 Of the 17 collections made, 2 showed between 50 and 60 per cent of parasitism, 2 of them between 60
and 70 per cent, 2 of them between 70 and 80 per cent, and 2 between 80 and 87 per cent of parasitlsm.,

4 During this year most of the collections contained 50 caterpillars each. Half of these were cared for in
trays and the other half were dissected.
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These collections were made each year from 1915 to 1920 inclusive.
The figures obtained show clearly a very high percentage of parasitism
of the gipsy-inoth caterpillars in 1919 and 1920. In 1920 the mortality
was so great that no collections of sixth-instar caterpillars could be
be made at the collection point in Melrose. Compsilura concinnata
was the chief cause for the decrease of the infestation in this locality,
although Apanteles melanoscelus accounted for the death of a consid-
erable number of the earlier stages of this host. Calosoma sycophanta
also was present and killed many larvae. Since 1921 the gipsy-moth
infestation in this area has been so light that semiweekly collections
of caterpillars could not be made until 1925, so the semiweekly col-
lections to represent this section were made at Saugus, Mass. Some
of these years it has not been possible to find the full number for each
of the collections at the collecting point in Saugus, and the collections
have been completed in many cases in Melrose or other surrounding
towns as near to the collecting point as possible.

In 1925 there was a slight increase in the gipsy-moth infestation
in Melrose and semiweekly collections of the larvae were made. Each
collection contained 50 caterpillars instead of 100 as in previous years.
Part of these collections were handled in the usual manner and a
part were placed in a preservative for dissection. The data obtained
for 1925 are given at the bottom of Table 8. The parasitism was
relatively low.

TaBLe 9.—Semiweekly collections of gipsy-moth caterpillars at Stoneham, Mass., to
determine the percentage of parasitism caused by Compsilura concinnala

Number of collections made and stage of larvae collected l Percentage of parasitlsm

Year | |
3d and 4thand Sthand Low- | ligh- | Aver-
38 Tyh | 4th|Taen | Bth [ Tgen | 6th | et | Test | age
1 0.3

11 13 12

0 8 5

0 11 7

8 145 21

43 62 53

10 26 20

0 0 0

8 18 10

4 50 23

2 18 11

1 3 1

11 20 16

9 30 19

2 37 19

4 30 13

24 148 41

1 41 14

0 16 1

7 41 20

39 165 53

7 63 28

0 | 4 2

i

1 Of the 8 collections made 5 showed over 20 per cent of parasitism.
1 Ofthe 8 collections made 6 showed over 30 per cent of parasitism.
* Of the 9 collections made 8 showed over 40 per cent of parasitism.

_The Stouelam collections were made and handled in a manner
similar to those made at Melrose. The parasitism of the caterpillars
caused by Compsilura was very high in 1919, and although the table
shows that 21 collectious of sixth-instar gipsy-moth caterpillars were
made, it should be stated that many of these collections did not con-
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tain the usual quota of 100 caterpillars, for the infestation was greatly
reduced by Compsilura. Calosoma also was present and Apanteles
melanoscelus killed many caterpillars in the early instars. The infes-
tation was so thoroughly reduced that it was not possible to make
the semiwcekly collections in Stoneham during the following year.
However, in 1921 the gipsy-moth infestation had increased enough so
that semiweekly collections could be resumed, and the data given
in Table 9 show Compsilura very abundant. It was, again, chiefly
responsible for a big reduction in this infestation. Since 1922 the
infestation at Stoneham has been too light to support semiweekly
collections. :

Collections of gipsy-moth caterpillars have been made at Saugus
each year since 1921 and handled in a manner similar to those made
at Melrose and Stoneham. Collections were started at Saugus, a
neighboring town, because of the scarcity of the gipsy moth at Melrose
and Stoneham during these years. The infestation at the location in
Saugus, where the collections were made, has not been heavy during
the period covered by these collections. The percentage of parasitism
by Compsilura at this collecting point has not been so high as thosc
recorded at Melrose in 1919 and 1920, and in Stoneham in 1919 and
1921. However, as shown in Table 10, it has been consistently high
each year, excepting in 1925, when there was a marked decrease in the
percentage of parasitism,

TaBLe 10.—Semiweekly collections of gipsy-moth caterpillars made at Saugus,
Mass., to determine the percentage of parasitism caused by Compsilura con-
cinnata

Number of collections made and stage
of larvae collected

Year - —
N 3d 4th 5th 6th Lowest | lfighest | Average

Percentage of parasitism
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The semiweekly collections of gipsy-moth larvae which have becn
made at Melrose, Stoneham, and Saugus demonstrate clearly the great
benefit that has been derived from the importation of this parasite.
Because of the labor involved it has not been possible to make such a
thorough study of the parasitism caused by Compsilura in other
locations.

In 1915, 25 representative towns were chosen in which to make an
annual collection of gipsy-moth caterpillars for the recovery of Comp-
silura. These towns are scattered over the eastern half of the gipsy-
moth-infested area, and although collections of this nature do not
give an accurate figure of the percentage of parasitism of the host,
they are indicative of the general abundance or scarcity of the para-
sitc. The arca involved in these collections and the percentage of
parasitism recorded for Compsilura for 1923 are shown in Table 11.

TasLe 11.—Collections of gipsy-moth caterpillars made to determine the abundance
of Compsilura concinnate and Sturmia scutellata, 1923

. Percentage of Percentage of
Num- | parasitism for— Num- | parasitism for—
ber of ber of
Locality larvlae - Locality Ia.rvlae
col- col-
C. con-! 8. scu- C.con-| S.scu-
lected cinnatal tellata lected cinnataj tellata
Melrose, Mass___________ 100 - 36 35 || Hopkinton, Mass________ 100 27 13
Saugus, Mass____ - 100 36 6 || Candia, N.11__ - 100 7 3
Stoneham, Mass_ - 100 10 10 || Rye, N. HH_____ R 100 10 " 31
Wakefield, Mass._ 100 17 3 || Stratham, N.11._. P 100 35 7
Revere, Mass____ H 100 36 24 || Leominster, Mass R 82 40 2
Beverly, Mass.__ 100 5 100 18 6
Middleboro, Mass_ 100 14 i 100 7 7
Wilmington, Mass_ 100 62 7 100 0 4
Lexington, Mass. 100 29 4 100 42 1
Boston, Mass____ 100 50 o 100 38
Weymouth, Mass__ 100 17 (] 100 3
Derry, N.H__.__ 100 10 P
Pelham, N. H_ 100 8 5 Total . ___________ 2,482 ||
Acton, Mass___.._......_ 100 87 7 i Average....._..____ ... 25 10
| i

TaBLE 12.—Summary of annual collections of gipsy-moth caterpillars from 25
towns to determine abundance of Compsilura concinnata and Sturmia scutellata
from 1915 to 1927

Percentage of parasitism for—

Number
of gipsy-
Year moth lar- Compsilura Sturmia
vae col-
lected "
Lowest | llighest | Average | Lowest | Highest | Average
2,291 0 29 4 1] [ [
2,438 0 45 9 1] 7 1
4,278 0 45 8 1] 4 1
2,712 0 48 9 0 6 1
2, 486 0 36 7 0 1 1
3,147 0 46 8 0 12 2
3,179 0 21 4| 1] 2 1
A 1] 54 14 [ 8 3
2,482 1] 87 25 0] 38 10
2,352 1] 51 10 0 8 2
2,240 1] 16 4 0 18 2
2,485 1] 53 8 0 3 0.2
2,503 1] 35 11 0 1 0.2

. When possible each collection contained 100 fourth-instar to sixth-
instar gipsy-moth caterpillars. These were collected from any area
within each town. The caterpillars were fed at the laboratory in
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trays until the parasite maggots issued or until the caterpillars
upated; the pupae were then removed to separate containers to be
Eeld for the issuance of Sturmia scutellata. - |

A summary of the records obtained from similar collections of
gipsy-moth caterpillars which were made at the towns listed in Table
11 each year from 1915 to 1927 appears in a much abridged form in
Table 12.

Fourth-instar to sixth-instar caterpillars were collected in this
series of collections. In most cases each collection contained 100
caterpillars taken promiscuously from any location within each town.
The data indicate that Compsilura was most abundant in the areas
involved in 1923. That year the collections showed an average of
25 per cent of the larvae parasitized by this species. It also shows
the fact that during the last few years this parasite has bcen less
effective. This is very evident for 1925, for 16 per cent, which was the
highest parasitism recorded for the entire list of towns, was the low-
est high percentage obtained since the collections were started in
1915, and the average percentage of parasitism of the caterpillars by
Compsilura was only 4.

It will be noted that the table contains some data on parasitism by
Sturmia scutellata. Reference will be made to these under the dis-
cussion of this species.

Besides the semiweekly collections and the annual collections
recorded in Tables 8, 9, 10, 11, and 12, a great many miscellaneous
collections of gipsy-moth caterpillars are received at the laboratory
each season. Many towns scattered over practically the entire
gipsy-moth-infested area are represented in these miscellaneous col-
lections. In Table 13 are listed the towns from which collections of
gipsy-moth caterpillars were received in 1923. This list of towns
indicates the area from which similar collections are received each

ear.

It should be noted that many of these collections wers made where
the gipsy-moth infestations are extremely light and scattered, in the
area farthest from the older gipsy-moth-infested territory. The
records given in Table 13 are for 1923, when Compsilura was more
abundant over the entire gipsy-moth-infested area that it has been
since its establishment. It is very gratifying to obtain relatively
high percentages of parasitism from many of the collections made in
the area which is only lightly infested. Such parasitism undoubtadly
occurs in many places where light gipsy-moth infestations are present,
just east of the westerly dispersion line, and must be of inestimable
value in preventing a rapid increase of this insect in these isolated
gipsy-moth colonies.

The data obtained from these collections during the last few years
are rather similar in nature to those in Table 13, except that the
average percentage of parasitism has not been so high as for that

ear. It is not necessary for these detailed data to be included here,
ut a brief summary of them is given in Table 14 and is indicative of
the conditions during this period.
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TasLe 13.—Parasitism of fifth-stage and sizth-stage gipsy-moth gatergz
Compsilura concinnata and Sturmia scutellata tn 1923, as determined
laneous collections, especially in the outer area

65

llars by
y miscel-

Num- | Percentage of Num- Percen!:age of
ber of parasitism ber of | parasitism
gipsy- gipsy-
State and town moth | State and town moth |
laégi‘_‘e Comp- | 8. seu- lacr:lt.ie Comp-| 8. seu-
lectod | silura | tellata locted | Silura | tellata
New Hampshire: Massachusetts—Contd.
Barrington_ . 38 3 5 Shrewsbury____________ 162 4 1
Bath______ 41 T |emecnaas Tolland and Grandvillc. 90 19 110
Charlestown 53 1 23 V‘{areham.. 98 13 110
A e I (I
oncord._.___._________| 100 |_......_ estfield - -
Cornish_._ -t N R SR, | Williamshurg R 90 11 17
24 50 4 Williamstown - 10 120 ...
151 17 1 Worcester____ - 1
62 11 11 Worthington_ - 113
100 2 19 /| Maine:
53 119 -9 Lebanon . 31 29
113 T4 oo Sandford._ b I IR I,
118 12 3 || Vermont:
84 121 |
123 9 16 Barnet . -
111 147 5 Brattleboro. -
111 LIRS I PR, EDummerston_ -
24 | . 13 SSeX. - .- -
L2 PR S, Fairlee -
34 . 9 Grafton . -
7 129 (. Groton -
135 - 191 4 Guilford -
65 15 12 Hartford . -
162 2 4 Hartland -
20 - ' Marlboro. -
158 153 8 |: Norwich.__ -
152 111 3 | II\’Iewbury. -
utney._.
4 |l Rockingham
4| Ryegate ..
26 Springfield
i Strafford .
Charlemont_ . 41 17 5|| Thetford -
Chesterfleld. 41 | 5 Topshani_
Colrain______: 19 15 . warn(;n}l |
Conway._ 23 - ardshoro
Deerfield.__ 63 5 - West Fairlee
Dedham______ 100 10 27 Westminster_ . o
%alsthantll;l)ton___ C(gl]nectié:ulta:
almouth_______ oomfie
Greenfleld.________ East Granby.
(loshen. __ New Hartfor
Lanesboro - Plainfield ___
Marion. 124 1 12 Salisbury .
Montgom 22 15 19 Suffleld._ .
Nantucket . __ ) I PO OO Thompson. .
Northampton. 29 7 17 Weathersfield .
Raynham_____ 208 18 10 Windsor. ... ___ |
Shelborne_____ 12 19 33
Southampton - 73 feeea.s 5| Total coceoo oo
Southwick. ... __ 30 13 e |
|

1 Species recovered for tbe first time in the town.

TasLe 14.—Summary of miscellaneous gipsy-moth caterpillar collections to show
abundance of Compsilura concinnata, 1915 to 1927

Total Percent- Total | Percent-
Number | nuinber age of Numher | number | ageof
Year of local- | of gipsy- | parasit- Year of local-  of gipsy- | parasit-
ities rep- | moth lar-| ism by ities rep- | moth lar- ism by
resented | vaere- Compsi- rescnted | vaere- | Compsi-
ceived lura celved lura
|
59 56, 865 100 4,856 11
4 4,000 96 8,199 18
50 | 113,207 53 3,858 9
88 5,186 53 4,439 6
8| 5651 81 7,002 ]
138 | 24,536 | 68 7, 105 7

1781°—29——35
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The caterpillar eollections shown in this table contained from a few
to several thousand caterpillars from eaeh town, depending upon the
abundance of the gipsy moth in the area, )

The data given in Table 14, together with thoso shown in the
previous tables, are conclusive evidence that Compsilura is a very
important factor in the biological control of the gipsy moth.

PARASITISM OF OTHER CATERPILLARS

Compsilura concinnata is an important parasite of the brown-tail-
moth caterpillars as well as of the gipsy-moth caterpillars, satin-
moth caterpillars and many native inseets. The satin moth has
proved to be a favo1ite host for Compsilura in this country. Records
were obtained of high parasitism of the large caterpillars by this
tachinid the first year that this insect was found in New England.
The parasitism of the satin moth by Compsilura has been briefl
treated in a recent publication (7) by the authors. The data whic
have been obtained show that this parasite has become the most
important insect enemy of the satin moth in New England. In
many collections of large caterpillars from 50 to 70 per cent of the
caterpillars have been killed by Compsilura. Records obtained from
collections of satin-moth eaterpillars, made over the entire area
infested by this insect, show that Comuvsilura is attaeking this host
wherever 1t occurs in New England.

RecovERY AND DISPERSION

Compsilura was doubtfully recovered in 1907, the year following
its first liberation. The next year it was not recovered but the
following year and each sueeeeding year it has been recovered in
oonsiderab%’e numbers.

The dispersion has been hastened by the liberation of new colonies
beyond the area in which it was known to be present. Records have
been obtained indieating that it may spread as much as 25 miles in
a single season, and this has been eonsidered in determining the loca-
tions for new liberations. For the most part Compsilura has been
recovered by rearing it from gipsy-moth and brown-tail moth cater-
pillars collected from over the entire area infested by these insects.
In addition to the recovery records obtained in this manner many
valuable new dispersion records havo been made by rearing it from
native insects.

As Compsilura is not dependent for its existence upon the gipsy
moth or the brown-tail moth it has spread far beyond the dispersion
of these insects and has been recovered from 33 towns outside of the
area infested by the gipsy inoth. Many of the native colleetions of
larvae from which these data have been obtained were made by
field men employed on gipsy-moth work by the New York State
Conservation Commission and the Now Jersey Dcpartment of Agri-
culture, and valuable data have been furnished by the entomological
department of Syracuse University. Without such splendid coopera-
tion by those interested, several of these recoveries would not %ave
been made. The territory over whieh this parasite is now known
to be present is shown in Figure 3. Its natural westward spread of
approximately 125 miles beyond the gipsy-moth dispersion line is
remarkable and indieates that this beneficial insect will eventually
spread over a large part of the United States without further assistance
or cost.
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VALUE oF COMPSILURA CONCINNATA

This parasite is certainly one of the most beneficial introductions
that have been mado. It has already demonstratcd the important
place it occupies among the insect enemies of the gipsy moth and the
brown-tail moth. In addition to the benefits derived from its parasit-
ism of these insccts, it is causing high parasitism of the satin moth,
a recently introduced pest. Tho high percentage of parasitism of this
host by Compsilura is of special value because it is the only parasite
that has attacked the satin moth in New England to any appreciable
extent. Only rarely are collections of large caterpillars of this insect
obtained which do not show some parasitism by Compsilura. Some-
times the collections show over 70 per cent of the caterpillars killed
by this tachinid.

The valuo of Compsilura in this country is still further increased
becausc of its attack on a great variety of native injurious insects.
It has already becn reared at the gipsy-moth laboratory from over
100 different spccies, and undoubtedly records of its successful para-
sitism of other species will be obtained.

The records obtained of the parasitism of the gipsy moth by
Compsilura over the entire infested territory, and especially along
the border of this territory, show conclusively that this parasite has
assisted in checking the increase of the insect and in curtailing its
westward spread. Such parasitism is particularly valuable in small
isolated gipsy-moth colonies in the sparsely infested regions.

There are many foreign insects listed as hosts of this tachinid which
are not present in this country. Should some of them ever become
established here this parasite undoubtedly will attack them as well as
the gipsy moth, the brown-tail mmoth, and the satin moth.

STURMIA SCUTELLATA Robineau-Desvoidy

Sturmia  scutellata (fig. 28), formerly referred to as Blepharipa
scutellate R. D. in American literature, was among the first tachinid
parasites of the gipsy moth to be reccived fromm Europe. At first
considerable difficulty was experienced in obtaining sufficient speci-
mens for colonization, but later satisfactory liberations were made.
The adult fly is much larger than Compsilura and is a stronger fly,
although during the spring it is often so sluggish that it may easif;
be captured with the hands. This species has a single generation
each year and passes the winter within its puparium in the soil. It
can exist and reproduce only upon the gipsy moth but has a very
great reproductive capacity. It ranks among the best enemies of
the gipsy moth which have been successfully established in this
country.

ForerGN DISTRIBUTION AND ABUNDANCE

This tachinid appears to be present in Europe over much of the
area where the gipsy moth survives. It has been received at the
gipsy-moth laboratory from many parts of France, Belgium, The
Netherlands, Germany, Austria, Hungary, Czechoslovakia, Russia,
and Italy.

During the last few years it was observed by the experts of the
Bureau of Entomology while they were carrying on gipsy-moth in-
vestigations in Spain, France, Germany, Czechoslovakia, Hungary,
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Poland, Yugoslavia, and Bulgaria. During the period covered by
these investigations S. scutellata has not been of great importance in
Spain, Portugal, northern Africa, or Pola.nd._ Heavy glpsy—mo_th
infestations have been found in these countries, but this parasite
was relatively scarce and in some instances it was not even recov-
ered. During the same period the gipsy-moth infestations in France,
Belgium, The Netherlands, Germany, Austria, quar}la, and Ttaly
have been too light to warrant carrying on investigations with the
purpose of importing parasites into the United States. In Hun-
gary, Bulgaria, Czechoslovakia, and Yugoslavia a large numbcr of §.
scutellata have been reared from collections of gipsy-moth caterpil-
lars and pupae. The rearings in these countries have shown that
this parasite is one of the important European enemies of the gipsy
moth. An allied species known as Crossocosmig sericariae Corn. 1s
a parasite of the silkworm
and of the gipsy moth in
Japan, often being very
abundant and of primary
importance.

In the earlier parasite-
introduction work the
Sturinia which were intro-
duced in large numbers for
colonization came mostly
from France, Germany,
Austria, Hungary, Italy, or
Russia. From someof these
collectionsSturmia issued in
" numbers suggestive of great
abundance., Like most of
the parasites, S. scutellata
is found in great abundance
in some areas during cer-
tain years, yet examinations
; made in other locations
F1a. 28.—Adult female of Sturmia scutellate, X 2. (Howard often not far distant fail to

and Fiske) show its presence. Such
conditions have been noted in recent European investigations, and in
Russia during 1909 and 1910 by Trevor Kincaid and W. F. Fiske.

Lire History aAND Hasirs

This tachinid has a single generation each year, passing the winter
within its pupariuin in the earth. Early in the spring, s week or two
before the gipsy-moth hatching is general, adults of this fly begin
issuing from the soil. The females deposit their tiny black eggs on
the foliage (fig 29), to be swallowed by the host caterpillars. As is
the case with most leaf-ovipositing tachinids (25), 8. scutellata has a
large reproductive capacity. Dissections of female flies of this and
allied species show that as many as 5,000 eggs may be deposited by a
single individual. The eggs are chitinized, indicating an ability to
withstand exposure. They are covered with a fine sculpture which
presumnably strengthens them, making them less liable to injury
while being swallowed by the caterpillars. Soon after the egg is in
the alimentary canal of the caterpillar the maggot issues, bores
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through the wall, and attaches itself in the host tissue. The early
development of the parasitic maggot within the caterpillar is rather
stow, but as the gipsy-moth caterpillar approaches the period of
pupatlon the parasite develops quickly, sometimes issuing from the
caterpillars, but usually not killing the host until it has pupated.
Then the maggot tears a hole in the pupa, issues, and enters the earth
for pupation and hibernation.

ImMporTATION

The successful establishment of this species was brought about
after several unsuccessful attempts. A number of its puparia were
obtained in 1905, the first year of the parasite-introduction work.
They were sent in boxes containing shipments of full-grown gipsy-
moth caterpillars and pupae, but the following spring not a single
{ly was obtained from these puparia. During the next few years many
shipments of large gipsy-moth caterpillars and pupae were received
from Europe, but most of them arrived in very poor condition. In
many cases the Sturmia maggots had developed and issued en route
and were forced to form their puparia in the
bottoms of the boxes under such unfavorable
conditions that only a very few of thein ever
produced flies. Many methods were tried in
an endeavor to carry such material through
the winter but none of them proved very
successful.

In 1909 arrangements were made to continue
the large shipments of full-grown gipsy-moth
caterpillars and pupae and to have them trans-
ported in cold storage on the steamer. By this
method the caterpillars and pupae as well as
the parasites they contained were so retarded
in their development that many of the parasitic Fio, 20.~Begs of Sturmia scu-
maggot did not issuc until after the shipments  Z¢le on fragment of leaf,
had been received at the laboratory. Here 710 (Howard and Fiske)
they were placed in containers that allowed the Sturmia maggots
to enter the soil as they issued from their hosts. Under such circum-
stances the parasitic maggots developed and many of them entered
the winter in good condition. The following spring the emergence
of the flies was much better than in any previous year.

During the last few years rather large numbers of 8. scutellata
have been recovered in the rearing work carried on by the Bureau
of Entomology in several European countries. In these investiga-
tions the tachinid maggots issuing in the rearing trays from gipsy-
moth caterpillars and pupae were placed in large boxes containing
damp sawdust. Such material has been sent to the United States
by mail or brought here by the men when returuing after the season’s
work. Although great care has been taken in handling this material
before shipment and after arrival at Melrose, there is considerable
mortality.

Table 15 hists the number of 8. scutellata puparia which have been
received from Europe during the last five years, and the countries
from which they were obtained.
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TaBLE 15.—Importation of foreign Sturmia scutellata puparia, 1923-1927

Number of S. scutellata received from—

Year l |
ho- N Y N N
Hungary s({cfsgk!i)n Poland | Bulgaria sl;g&' Spain Russia Total

T, 842

656 | 11,885 | 2,479

This species is a difficult one to handle and transport, being very
susceptible to injury under adverse conditions. The constant pres-
ence of a considerable degrec of moisture seems to be a prerequisite to
its successful development and hibernation. Too great a degree of
moisture, however, creates conditions unfavorable to the parasite,
and heating is apt to occur if the puparia are confined under such con-
ditions very long. The proper moisture conditions are difficult to
maintain, especially when the packages containing the puparia are en
route for any length of time,.

When puparia of S. scutellata and Phorocera agilis are received at the
Melrose Highlands laboratory from Europe, they are separated and
placed in containers for hibernation. The method used is the same
for the two and 1s explained in detail for both species under the sub-
ject, ‘“‘Receiving and handling of the foreign material at the gipsy-
moth laboratory” (p. 20).

At Melrose Highlands during the last three years the bulk collec-
tions of gipsy-moth pupae have been kept in trays with heavy, coarse
wirc-netting bottoms. The wire is coarse enough to allow the maggots
to pass easily through the openings. These trays, placed one over
the other, are arranged on racks. (Fig. 30.) As the Sturmia maggots
have a natural tendency to work downward, they drop from the upper
trays to the lower ones and finally into boxes, placed below, which are
full of earth composed of leaf mold and fine root fibers. 8. scutellata
has been relatively scarce since these racks have been in use but the
results indicate that this method will be a most satisfactory one for
the hibernation of tachinids which pass the winter as do P. agilis
and S. scutellata. The maggots go into the soil unmolested and
there form their puparia under nearly natural conditions, never
having been touched by the operators. These boxes are afterwards
placed in the soil where the parasites pass the winter.

COLONIZATION

S. scutellata, for colonization has been obtained by collecting its
host and rearing the parasite. The original stock was collected in
Europe as described in preceding paragraphs, but since the species
became cstablished in this country the material for new colonies
has been obtained in New England.

When Sturmia had become sufficiently abundant to furnish material
for colonization it was found to have dispersed over a considerable
part of the infestcd area and no concerted efforts to obtain it for
further liberation in New England were necessary. The 8. scutellata
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which have been obtained and eolonized since 1917 were recovered
ineidentally while making eolleetions of gipsy-moth caterpillars and
pupae for other purposes. The majority of them were obtained from
large eolleetions of gipsy-moth pupae made for the purpose of gather-
ing female moths, from the abdomens of which an extraet was obtained
to be used in experiments in attraeting male moths. The foreign
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Fi6. 30.~Two racks of trays with coarse wire-netting hottoms containing gipsy-moth pupae col-
lected for the recovery of S. scutellata, As tbe parasite maggotsissue from the gispy-moth pupae
they drop through the wire bottoms of each tray and finally into the wooden hoxes beneath,
“;lhichhcontain leaf mold, earth, and root fiber. The parasites hibernate within their puparia in
these hoxes

S. scutellata liberated during the last four years were obtained among
other tachinid parasites that were being gathered in Europe.
As early as 1907 a few Sturmia were liberated, but under very
unsatisfaetory eonditions. The number of parasites liberated that
ear is not known, but probably it was less than 100 individuals.
he colonization records for the suceeeding years are given in Table 16,
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TapLr 16.—Colonization of Sturmia scutellata from 1908 to 1927

- | New

| New
. England B England
Stage of parasite | Forelgn 8tage of parasito | Foreign
Year X estab- Year estab-
used stock lished i used [ stock | iched
stock stock
! |
Number  Number Number | Number
100 1022 ... | Pupara_________________... 9, 996
1923 __...do. Bl 14, 620
1924 Adults. 1,325 609
_-- 1925 --do. 2,087 400
475 | 1926. .--Go.__. - 012 | ..
1, 588 | 1927 s [+ LR | 501 1,223

8, 635 | l
36, 000 l' Total.. e

Orand total, 84, 643.

The actual number of effective S. scutellata liberated during the
years from 1907 to 1923 may be greater or less than shown in the
table, for in the summer of 1909 several thousand Sturmia maggots
were allowed to enter the ecarth naturally in the forests, and the
number suecessfully emerging could not be known. Presumably the
emergenee occurring in the spring from material which passed the
winter under such natural conditions would be mueh greater than
that which would occur from material which was artificially hiber-
nated in cages at tho laboratory. The S. scutellata puparia colonized
from 1917 through 1923 wero held in soil in the laboratory yard until
spring, when they were placed in forests where the emergenee took
place. In such cases it was impossible to determine what percentage
of the puparia gave issuance to adults. The number of adults which
emerged from check lots cared for in a similar manner varied greatly.
The 1ssuance of adults in a few of them was nearly 100 per cent, but
in most cases it was much lowcr, and in some practicaﬁy no adults
were ‘obtained.

It is possible to gather this parasite in Europe and in New England
in large numbers, but it is exceedingly diflieult to handle such material
so that a high percentage of adults will issue after hibernation. It
seems essentlal that the maggots upon issuing from their hosts have
the proper moisture and soil eonditions in order to enter hibernation
in a healthy state and develop to mature inseets in the spring.

From 1908 to 1911, 5,372 adults of foreign origin were liberated.
From 1917 to 1923 inclusive, 71,314 Sturmia puparia were obtained
in New England and colonized. During the period from 1924 to
1927, 5,725 adults of foreign origin and 2,232 adults of established
stoek were liberated, making a grand total colonization of 84,643
Sturmia scutellata.

Corrections or Iosts 10 DETERMINE PERCENTAGE oF PArasimisMm CAuUseD
BY STURMIA SCUTELLATA

Collections of gipsy-moth pupac are inade each year to determine
the extent of mortality due to Sturmia. In addition to the data
obtained from such collections many new distribution reeords for
this parasite are made from collections of fourth, fifth, and sixth
instar caterpillars. The maximum percentage of parasitism is not
shown in the caterpillar eollections unless the eaterpillars have
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stopped feeding at the time of the collection, for, as previously stated,
the eges of this tachinid are laid on the foliage and are consumed by
the feeding caterpillars.

The area from which the gipsy-moth caterpillars were collected
and the percentage of parasitisn. credited to Sturmia are shown in
Tables 11 and 13, together with the parasitism caused by Compsilura.
In these tables are listed the gipsy-moth caterpillar collections made
in 1923. These caterpillars were put in trays for feeding until the
parasites issued or the caterpillars pupated. In most cases S. scu-
tellata maggots are obtained from the pupae, but occasionally they
issue from the caterpillars. When the caterpillars pupated the pupae
were removed to other containers and held until the parasites issued.

A large number of similar collections are made each year in the
area represented by the towns listed in Tables 11 and 13, many of
which are in the area only sparsely infested by the gipsy moth. In
some cases the infestations were so light that only a few caterpillars
could be found; yet, even under such conditions several very appreci-
able percentages of parasitism were recorded which showed the abund-
ance and effectiveness of this parasite in the outer gipsy-moth-infested
territory. The average percentage of parasitism by Sturmia in these
collections was considerably less than by Compsilura, but these were
larval collections which do not give the maximum parasitism by
Sturmia. Several instances are recorded in the tables where the
parasitism by Sturinia was greater than that caused by Compsilura
and 1n some cases it was present where Compsilura was not. A sum-
mary of the annual gipsy-moth-caterpillar collections made from 25
selected towns is given in Table 12, but the summary of the annual
gipsy-moth pupal collections (Table 18) is a better indication of the
benefits derived from this tachinid.

In Table 17 are given the results obtained in 1923 from collections
of gipsy-moth pupae made from 47 towns, many of which are in the
lightly infested territory.

The parasitism of the female gipsy-moth pupae is in most cases
considerably greater than of the male pupac. In the average for the
entire collection it is more than twice as great. Although there is
often a small amount of superparasitism by S. scutellata, this has not
been considered in these figures as it is not enough to change the
status to any appreciable degree. Each collection was supposed to
contain 100 male and 100 femnale pupae. The fact that most of the
collections listed in this table contained less than 100 pupae indicates
the scarcity of the gipsy moth in the areas involved. The remarkably
high parasitism in many widely separated localities shows the abun-
dance of Sturmia over practicalfy the entire area. Many of the collec-
tions were made in areas near the outer border of the gipsy-moth
infestation and in some cases from isolated colonies beyond the dis-
persion line of the gipsy moth. A collection of old gipsy-moth pupae
made from a newly discovered isolated infestation at Alburgh, Vt.,
bore evidence to the fact that this parasite does locate isolated col-
onies far removed from the generally infested area, and is able to
effect a material amount of parasitism in such locations.

Gipsy-moth pupal collections are made each year from towns rep-
resenting the infested area as shown in Table 17. A summary of t}g

data obtained from such collections from 1918 to 1927 is given in
Table 18.
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Tasre 17.—Collections of gipsy-moth pupae for recovery of Sturmia scutellata, 1923

| Per cent of | Per cent of
Number of pupae . Number of pupae :
collected pupee har collected Loy
Towns N B E— Towns
| !
Fe- | Fe- Fe- Fe-
Male | 1 ote Total | Male | o Male | 10 Total | Male | o1
B ] S R 2
Massachusetts: New IHampshire—
Ashfield 1__..__. 14 12 26 0 50 Continued.
Charlemont! ___ 12| 12 24 0 17 Lyme! __.....__ 11 0 11 36 0
Conway!.__..... 46 43 89 28 81 Newfields 224 83 | 307 42 60
Colrain 1....____ 17 25 0 53 Oxford. .. 2 9 11 0 0
Deerfield ! I .} 21 34 8 24 Piermont.. 39 20 59 0 20
Goshen!......... 13 35 48 0 17 Plainfield . . 3 8 11 0 0
Greenfield!.. .. 69 89 | 158 17 81 Walpole_._......} 24 28 52 4 25
Raynham. 54 26 80 6 12 || Vermont: ¥
5 17 22 20 65 Essex 1. .. ... 100 | 100 | 200 24 40
0 8 8 0 0 Grafton. 1 [ 7 0 17
3 2 5 0 0 Hartford 1. . ] 1 7 17 0
25 24 49 8 50 Norwich._____._ 5 4 9 0 0
8hrewsbury. . 27 15 42 4 80 Rockingham_ ___ 12 5 17 0 0
Whately ... 4 43 22 65 12 59 Salisbury t...... 8 21 29 0 5
Williamstown 1 9 10 0 0 I Springfield t____.| 15 18 33 7 72
New Hampshire: Thetford._ 1 1 2 0 0
Bath________.... 6 0 8 0 0 Topsham 50 41 91 56 100
| Bennington!. . 0 92 92 0 26 ‘Wallingford . 0 2 2 0 0
Charlestown_ ... 1 3 4 0 33 Westminister__ .| 19 6 | 115 1 50
Claremont !_____| 38 53 U1 5 38 || Connecticut:
Conway- - 0 61 6 0 0| 8 7 15 0 0
14, 2! 34, 0 15 1 4 5 0 0
0 138 | 138 0 69 1 6 7 0 0
38 125 163 26 76
10 16 26 0 13 Total or aver-
1averhill. 49 49 98 12 29 age..__...... 1,053 (1,354 |2,407 | 320 149
Lebanon. .. 34 40 74 3 0

1 This parasite was recovered for the first time in the town,

3 At Alburgh, Vt., several old gipsy-moth pupae were found, 30 per cent of which were estimated to have
been killed by S. scutellata.

) These are weighted averages obtained by dividing the total number of parasites that emerged from male
and female pupae by the gross number of male and female pupae.

TapLE 18.—Summary of gipsy-moth pupal collections made annually to oblain
records of distribulions of Sturmia scutellata, 1918-1927

. A verage percentage
Number | Number of pupae collected | ¢ pupae parasitized

of towns
Year repre-
sented | prgie Female | Total Male | Female
51 3 3,335 8, 559 2 5
35 2,212 2, 958 5,170 1 4
50 2, 805 4, 194 6, 999 5 20
78 1, 627 2, 616 4,243 2 9
65 2 1,286 2,138 5 17
48 1,053 1,354 2,407 20 49
40 997 1,099 096 4 18
34 761 1,323 2,084 1 2
43 1,033 1,579 | 2,612 1 3
43 1,638 1,808 3,446 4 13

The number of pupac in each collcction varies considerably each
ear. Some collections contain over 100 males and 100 females,
ut many of them contain only a few. The average percentages of

parasitism as shown in the table for each year are indicative of the
value of this tachinid.

Many pupal collections show a much higher, and often a very

much higher, mortality from Sturmia than the average percentages
iven in Table 18. he reverse of the case is also true, and this
owers the average percentage of parasitism, so that this percentage
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during a certain year may be 20 or 30, whereas there will be locations
where gipsy-moth colonies are practically exterminated by the

arasitc. Such data are not even indicated in such a summary as
1s shown in Table 18.

In addition to the annual pupal collections made {rom the area
represented by the towns shown in Table 17, yearly collections of
pupae have also becn made since 1917 from the 25 towns from which
annual collections of gipsy-moth caterpillars are made to determine
the extent of parasitism by Compsilura. These towns are scattered
over the eastern third of the arca now infested by the gipsy moth.

The results obtained from the pupal collections for 1923 are given
in Table 19, and a summary of such collections made for the period
from 1917 to 1927 appears in Table 20.

TasrLe 19.—Collections of gipsy-moth pupae made at 25 towns to delermine
the parasitism due to Sturmia scutellata tn 1923

Number of pupae | Percentage of par-

collected asitism
Locality
Malo Female Male Female

Melrose, Mass__.______...__ 100 100 28 7
Saugus, MasS e 100 100 14 2
Stoneham, Mass. - o eaan 26 100 6 74
Wakefield, Mass_.._._.___ 100 100 37 57
Revere, Mass_____________ 65 100 21 68
Beverly, Mass________ 100 100 18 45
Middleboro, Mass__. 91 100 1 8
Wilmington, Mass______ - 100 100 15 45
Lexington, Mass.______._.______ o micemammmemmmeemec—ec-d 100 100 10 20
Boston, Mass._._._____ 33 57 0 18
Weymouth, Mass_ e eicccccaoo 14 27 1 7
Derry, N. 11____ 55 86 17 56
Pelham, N. H 75 100 5 42
Acton, Mass__.______ ... 46 100 [ 37
1Nopkinton, N. 1¥_________________ 20 63 2 33
Candia, N.H_____________________ 18 33 2 3
Rye, N.H____ . . 45 100 6 40
Stratham, N. M___________ ... 100 100 33 60
Leominster, Mass_________.__......_.- 36 100 0 28
Medficld, Mass_ _______.__ ... 100 78 4 20
Biddeford, Me_________._______..._.__ 75 100 11 47
Warner, N. H__________________ ... 100 100 | 27 44
Plymouth, Mass_______ ..o 60 100 3 22
Ashburnbam, MasS___ . e 82 64 8 30
Worcester, Mass_ ... 40 78 1 0

Total or average L 1,679 | 2, 186 16 41

| |

TaBLE 20.—Summary of annual collections of gipsy-moth pupae made at 25 towns
to delermine the parasitism due to Sturmia sculellate, 1917 lo 1927

Number of pupse collected | VeTBge percontago

of parasitism

Year —
Male Female Total Male Female

1,948 2,040 3,988 1 6

2,100 2,012 4,112 1 ]

2,000 2,369 4,459 2 5

2, 605 2, 407 5,012 3 14

2,068 2, 544 4,612 4 12

2,303 2,431 4,734 8 2

1,679 2,186 3, 865 16 41

1,043 1,074 2,117 7 22

898 , 206 2,194 1 5

2,040 | 2,130 4170 | 1 6

1,995 2,072 4,067 | 7 19

. 1
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The data in these tables are evidence of the great value of Sturmia.
As has been shown for Compsilura concinnata, the highest average
parasitism by Sturmia scutellata occurred in 1923. There was a
decrease in 1024, a still further drop in 1925, and a marked inerease
in the percentage of parasitism for 1927.

RECOVERY AND DISPERSION

In 1911, four years after the first Sturmia were liberated, they were
recovered in a manner which proved that the species had passed
through a complete generation in the field. The species was reeovered
in 1910, but under conditions indieating that thc recoveries wcre
from colonies which had been liberated earlicr during the same
season. The recoveries of 1911 were made fromn several places,
showing not only that the species was established but that 1t was
spreading satisfactorily. It was recovered only sparingly, however,
until 1916, when a collection of pupae from Beverly, Mass., showed
15 per cent of parasitism. From this time up to and including the
summer of 1923 this parasite increased very rapidly.

Sturmia scutellata has dispersed rapidly, and it has not needed
the assistance of artificial colonization as have some of the other para-
sites. Many interesting dispersal records of this parasite have been
obtained. At Alburgh, Vt., some 30 miles from the nearest known
gipsy-moth infestation, were found tlie remains of several gipsy-
moth pupae, about 30 per cent of which had been destroyed by
Sturmia. This recovery seems especially remarkable as this tachi-
nid is practically dependent upon the gipsy moth for its existence.

S. scutellata was found in the gipsy-moth infestation in Somerville,
N.J., in 1920. The manner in which it became established there
will never be known, but it is probable that it was brought from
Europe in the soil around the roots of imported spruce trees. It is
extremely doubtful whether this tachinid can continue to exist in
New Jersey, because of the intensive eontrol work which has been
conducted against its host.

The present known dispersion of Sturmia in New England is shown
in Figure 3.

VALUE OF STURMIA SCUTELLATA

Sturmia scutellata has proved itself to be among the most valuable
introduced encmies of the gipsy moth. The benefits that have been
derived from this tachinid are shown in part in the tables which have
been presented. The average percentage of parasitism of female
gipsy-moth pupae for the entire infested area in 1923 was 49. In
many places the parasitism was much higher than the average and
in one case it reached 100 per cent: This shows clearly that this para-
siteis of great importance in the lightly-infested areas along the border
as well as in heavy infestations in the older areas.

8. scutellata is dependent upon the gipsy moth alone for a host.
It has a great reproductive capacity, disperses rapidly, and is present
over practically the entire area infested by its host,
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ENEMIES OF CATERPILLARS AND PUPAE

MONODONTOMERUS AEREUS Walker

One of the first parasites to be liberated in 1906 was the Mono-
dontomerus aereus of Walker. Records have been obtained suggestin,
that at times this species attacks the gipsy moth and the brown-tai
moth, but it is certain that this insect has not acted as & primary
parasite of either to any appreciable extent.

ForE1GN DISTRIBUTION AND ABUNDANCE

Monodontomerus (fig. 31) has a wide distribution in Europe and
Japan, and has been reared at the gipsy-moth laboratory from prac-
tically all countries from which brown-tail-moth webs have been
received. It has becn recovered abundantly from France, Germany,

Fi1G. 31.— Monodontomerus aereus, adult female, X 13. (Howard and Fiske)

Austria, Hungary, Czechoslovakia, and, in less numbers, from Italy,
from Japan, and from Suinferopol and Kiev, Russia.

Lire History anD HaBits

The female adults hibernate. No males have ever been found
during the winter or early spring. In the early fall the fertilized
females scem to seek out brown-tail-moth webs for hibernating
quarters. In laboratory experiments they have hibernated success-
fully in bunches of curled leaves, and one was found in a bird’s nest
collected in the field. The experiments indicate that parasites of
the brown-tail moth are more likely to be parasitized by Mono-
iilonotomerus than are the same parasites when reared from other

osts.

Usually there are two generations annually, but females of the first
generation have been successfully carried through the winter (21).
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The females are sturdy insects and often have been kept alive at the
laboratory for 9 and 10 weeks. In the spring, after the females
leave their hibernating quarters, several weeks are required for the
development of their eggs. When this period is passed, and a suit-
able host has been located, the development from the egg to the
adult requires only three weeks. ) -

The female oviposits in the cocoons of braconids and some other
Hymenoptera but prefers tachinid puparia. The eggs are laid on
the larvae or nymphs within the cocoons or puparia and here the
parasite larvae feed externally on their hosts. When several Mono-
dontomerus develop upon a single host the adults are smaller than
when fewer develop on the same host.

Fortunately Apanteles lacteicolor and A. melanoscelus are not para-
sitized to a serious extent by Monodontomerus, but Compsilura
concinnata suffers to a considerable degree, and Sturmia nidicola to
some extent but not so seriously. )

From the European shipments of cocoons of the brown-tail moth
many Monodontomerus were obtained. Inmany cases they undoubt-
edly issued from tachinid puparia within these cocoons, but in other
cases careful examinations seemed to prove that they were also acting
as primary parasites. In the laboratory experiments Monodonto-
merus has been doubtfully reared as a parasite of the brown-tail-
moth pupae, but in many experiments where apparent oviposition has
taken place no reproduction has occurred.

In large shipments of gipsy-moth pupae from Italy in 1908 many
Monodontomerus were obtamned. ‘“A large number of the pupz
which were examined was found filled with the larvae or pupsz of
the parasite, and even when the larvae were still immature and
feeding there was absolutely no trace of any other parasite present in
the majority of instances.” (14, p. 246). Ifnomistakeinidentity wes
made in these observations it is evident that under certain conditions
Monodontomerus does act as a primary parasite of the gipsy moth,
but the limited experiments which have been carried on during the
last few years indicate that this species is almost exclusively a hyper-
parasite.

During the earlier phase of the parasite-introduction work the
primary object was to establish as many species as possible. At that
time there seemed to be sufficient evidence that this species and
Lupteromalus nidulans were more beneficial than harmful, and accord-
ingly both species were liberated and bacame established. During
the last few years further biological studies have been contemplated
in order to determine several points which are still in doubt, but
during this period these insects have been so scarce that only a small

quantity of material could be obtained to make these investigations.
InTRODUCTION AND COLONIZATION

About, 17,000 adult Monodontomerus were obtained from brown-
tail-moth webs sent from Europe in 1906. Some of these v-ere
liberated in the spring of 1907. Later in the season it was decided that
this species was of doubtful value and they were destroyed with the
other recognized hyperparasites. In 1908, when many Monodon-
tomerus arrived from Italy in a large shipment of gipsy-moth pupae,
they were liberated, sinee the evidence seemed conclusive that the
species would act as a primary parasite of the gipsy-moth pupae.

hey continued to be liberated through 1910,
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AprParAaTUS UsiED To RECOVER MONODONTOMERUS

The data regarding Monodontomerus given in Table 33 under the
discussion of Eupteromalus are indicative of its increase and abun-
dance, as shown by records of the females which issued from collections
of brown-tail-moth webs.

A scparating cage used in connection with collections of brown-
tail-moth pupae minimized the necessary handling of the webs and
cocoons which is always accompanied by a rash on the skin and
irritation of the cyes and delicate membranes of the nose and throat
of the opcrator.

The description and illustration of this cage (fig. 32) are taken from
Bulletin 91 of the Bureau of Entomology (14, p. 160—151). The case
is described as follows:

In carrying on this work several styles of rearing cages were used, of which
one was devised for the special purpose of securing the tachinid parasites with
the minimum of exposure -
to the effects of the irrita-
ting hairs of the brown-tail
eaterpillar. This worked
very satisfactorily, and
since it may possibly be
found of service in con-
ducting similar work
elscwhere, the following
description is presented:

The basis of this cage
eonsisted of a box of stiff
pasteboard 8 inches
squareand 12 inches high.
About 4 inches from the
top a stiff paper funnel
(a) was fitted and held in
position by the cleats (b),
which, in turn, were fas-
tened to the sides of the
box by broadheaded up-
holsterer’s tacks driven
in from the outside.
These cleats served to
support the tray(c), which
just fitted into the cage.
The bottom of this tray
was covered, in some in-
stances with coarse mos-

. . . F16. 32.—Separator cage used for recovering hymenopterous and
qulto nettmg, and in dipterous parasites from brown-tail moth pupae and webs. a, Paper
others with a wire screen funnel; b, cleats holding paper funnel in position; ¢, tray; d, wooden

. i) tside of cage: ¢, paper cone connecting paper funnel and
of Y4-inch mesh., Two- ;};‘g;f“ o J ;

. f ube, f; k, h, paper funnels supporting glasst ubes, . (Howard
holes in the side of the  and Fiske) v "0

tray corresponded with
two l-inch holes in the side of the box, and these in turn with similar holes in a
wooded strip (d), which was fastened .on the outside. When the tray was in
position, paper cones (k) and large glass tubes (g) were inserted in these holes.
The stiff paper funnel (a) had its apex inserted into another hole bored diagon-
ally in a similar wooden strip which was fitted in the bottom of the cage. Inside
of this hole a stiff paper cone (formed like k& by rolling up a section of a strip of
paper cut to a circular shape) was held in position by a tack which passed through
it into the wooden strip. The end of this cone, passing through the bottom of the
cage, permitted a third glass tube (f) similar to the two above mentioned, to be held
in position. No further support to this tube was needed than that afforded by
the cone itself.
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In using this cage a mass of cocoons of the brown-tail moth was placed in the
tray, and the cover was put on with the several tubes in position. Tachinid
maggots issuing from the prepupal caterpillars, or pupa contained in the cocoon
mass, in attempting to seek the earth would pass through the bottom of the tray
and be conducted by the stiff paper funnel into the lower tube, where they were
quickly noticed and easily removed. All other parasites, as well as the brown-
tail moths themsclves, when they emerged, were attracted by the light into the
two upper tubes, and could be similarly removed with little difficulty.

RECOVERY AND DISPERSION

During the winter of 1908-09, Monodontomerus was recovered
from brown-tail-moth webs in sufficient numbers to indicate that the
species was increasing and dispersing rapidly. These records showed
a dispersal of approximately 10 miles a year for the thrce years after
the species had been colonized. In the summer of 1909 it was recov-
ered from collections of gipsy-moth and brown-tail-moth pupae under
conditions which indicated that it was acting as a primary parasite.
The brown-tail-moth web collections of 1909 and 1910 showed a
remarkable dispersion, but the summer observations of 1910 did not
show it to be increasing as a gipsy-moth pupal parasite. The web
collections for the winter of 1910 and 1911 continued to show a great
dispersion, but they did not show the expected increase. The dis-
persion, however, was very remarkable, for in this short time Mono-
dontomerus had spread over practically the entire area infested by
the brown-tail-moth. The greatest spread was about 150 miles
toward the northeast from the nearest place where the species had been
colonized.

VALUE oF MONODONTOMERUS

Little can be said in favor of the establishment of this species.
Its actions in America have been more harmful than beneficial, as it
is a rather serious hyperparasite of Compsilura and, to a lcsser extent,
of 8. nidicola. Fortunately it has not interfcred to any great extent
with the increase of Apanteles lacteicolor, Meteorus versicolor, and A.
melanoscelus, although occasionally it is rearecd from these species.

Since its heavy incrcase as shown by the collection in 1910-11, it has
decreased in numbers in the field and is now seldom found unless an
extraordinary effort is made to find it.

CALOSOMA SYCOPHANTA Linnaeus

The brilliantly colored carabid beetle Calosoma sycophanta L. (pl. 5) is
the principal predacious enemy of the gipsy moth that has been intro-
duced into this country. It 1s now well established over practically
the entire infestcd area and has been recovered from some locations
beyond the gipsy-moth dispersion line. The adults are conspicuous
during June and the early part of July, when they are often seen on
the trees feeding on the gipsy-moth caterpillars. The beetle larvac
also are abundant from the last of June to the middle of July, and may
be found on the tree trunks and larger branches of rough-barked
trees feeding on large gipsy-moth caterpillars and pupae. Calosoma
sycophanta 13 considered among the most beneficial of the introduced
enemies of the gipsy moth.
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CALOSOMA SYCOPHANTA

Adult eating gipsy moth caterpillar, lower left, X 25 pupa, lower right, X 11; eggs, upper left, X 1 ;
eaten ehrysalides of the gipsy moth, upper night; tull grown larvae tronr sbove and from below, X 13
(Howaniand Fiske) ’
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ForelgN DISTRIBUTION AND ABUNDANCE

This beetle Lias a wide distribution and has been colleeted in Franee,
Germany, Switzerland, Italy, and Russia. During the last few years
experts of the Bureau of Entomology while searching for insect enemies
of the gipsy moth and brown-tail moth have observed it in the follow-
ing countrics: Spain, Portugal, Poland, Rumania, Bulgaria, Hungary,
(Czcchoslovakia, and Germany. In Europe it is known to prey ex-
tensively (5) on the gipsy moth and on the pine sawfly, Lophyrus
pint L. In 1911 in Italy (6) the efficient eontrol of the gipsy moth
by Calosoma sycophanta in a large forest was observed by W. F.
Fiske. The junior author observed it in 1922 in large numbers in
the eastern part of Germany, where it was feeding on the nun motl,
Lymantria monacha L., which was very abundant at the time. In
1923 R. T. Webber located a gipsy-moth infestation in Rumania,
where Calosoma was extraordinarily abundant. The following ycar
practically no gipsy-moth infestation was found at this place and Mr.
Webber felt confident that Calosoma had been the ehief cause of the
decrease. In 1925 S. M. Dohanian observed it very abundant in
Portugal, and P. B. Dowden found Calosoma larvae very plentiful
in a gipsy-moth infestation at Belki, Czechoslovakia.

Lire History anp Habirs

The adults of Calosoma sycophanta often live four or more years.
They are large metallic green beetles measuring about 114 inches in
length. The winter is passcd as adult beetles in the ground. During
the first week of June, the date varying with different scasons, most
of the adult beetles emerge.

The beetles climb rough-barked trees in search of their food, often
going to the smaller twigs, and occasionally they arc seen on the
leaves. They grasp their prey with their sharp mandibles, breaking
the integument and fceding upon the body eontents.

They fecd for about seven weeks during the period when the gipsy-
moth caterpillars arc fceding and pupating and begin to go into hiber-
nation soon after gipsy-moth egg laying is started.

Feeding experiments at the gipsy-moth laboratory showed an
average of 272 large gipsy-moth and tent caterpillars eonsumed in a
season by a pair of adult bectles (4). The older beetles consumed
more than the younger ones. When smaller caterpillars serve as the
food for the beetles a much larger number are eaten, and an average of
2,000 small brown-tail moth caterpillars werc eatecn by a pair of
beetles in the feeding cxperiments. A pair of these beetles and their
progeny will destroy more than 6,000 gipsy-moth eaterpillars and
pupae in a single year.

The beetles feed for a few days after cmerging from hibernation,
then copulation takes place and cgg laying is begun. The eggs are
deposited in the ground, the older bectles laying a eonsidcrably
larger number of eggs than the younger ones. Altliough one instance
is on record of a female which laid 653 eggs in a season, it is probable
that under field eonditions, considering all females both young and
old, an average of about 100 eggs pcr female are laid.

The average time spent in the egg stage is from four to seven days,
the longer period being in May and the shorter one in August. These

1781°—29——6
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data were obtained from laboratory experiments, but under natural
conditions oviposition as early as May or as late as August seldom
occurs. Soon after emergence the small beetle larvae begin to feed
on lepidopterous caterpillars which may be on the ground or to climb
rough-barked trees in search of their food. The small beetle larvae
attack not only small caterpillars but large ones and pupae as well,
especially those pupae not inclosed in a cocoon. In the case of the
gipsy moth the number of pupae destroyed is probably as great as
that of the caterpillars. The beetle larvae attack the caterpillars
and pupae viciously, and feed on the body fluids and contents of their
host. In many instances only a small amount of the caterpillar or
pupa is consumed and many of those which are not devoured are
mjured and die as the result of attacks by this beetle or its larvae.
In feeding experiments an average of 41 sixth-instar gipsy-moth cat-

FiG, 33.—Box showing method of packing Calosoma beetles for exportation. Each match box con-
tains a single beetle and a small quantity of sphagnum moss. (Burgess)

erpillars and an average of 13 gipsy-moth pupae were consumed
during the development of each Calosoma larva.

During the growth of the Calosoma larvae two molts occur. The
molted skins are often found in the crevices of the bark and among
the remains of gipsy-moth caterpillars and pupae. When the beetle
larvae become full grown, about the time the female gipsy moths are
laying their eggs, they enter the soil, construct a pupal cell, and
pupate. A little less than two weeks is usually required for this
stage but the adult beetle remains in the pupal chamber during the
winter.

IMPORTATION OF THE BEETLEsS

The first living beetles of Calosoma sycophanta were received at the
gipsy-moth laboratory from Europe in 1905. Each succeeding year,
up to and including 1910, specimens were collected and sent to the
United States. Several methods of shipping were tried. Ordinary
small safety-match boxes were found to serve this purpose best.
(Fig. 33.) A beetle was inclosed in each box with wet sphagnum moss
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and often a caterpillar was included for food, although when the moss
was sufficiently moistened no food was necessary. The match boxes
were placed in small wooden boxes and sent by mail or express.
The shipments from Europe were en route from 12 to 14 days.

COLONIZATION

The first liberations of this beetle were made in 1906. Each sue-
cessive year, up to and ineluding 1922, beetles have been liberated.
No colonies have been liberated since 1922, except a few in 1926
and 1927.

Both adults and larvae have been used for eolonization. When
larvae are liberated each eolony should contain at least 200 specimens
to insure the suceessful establishment of the speeies. If adult beetles
are liberated, smaller eolonies serve as well. In liberating eolonics,
areas have been ehosen wherc there was a plentiful supply of gipsy-
moth larvae and, when possible, plaees not likely to be disturbed by
artifieial eontrol work.

Table 21 shows the number of eolonies and individuals whieh have
been liberated in New England.

In addition to the eolonization in New England, Calosoma syco-
phanta has been colonized in several other places in the United
;?‘tatles and also in Canada. These colonizations are reecorded in

able 22.

TaBLE 21.—Liberations of Calosoma sycophanta in New England from 1906 to
1927, inclusive

Number of colonies | Number of indi-
liberated viduals liberated

Adults | Larvae | Adulis | Larvae

R 149 86 15, 900 18,123
Maine______ 08 2 9,73 232
New Hampshire 62 [ 7,389 1,375
Rhode Island 24 1 2, 29 200
Connecticut. ___ 5 | __________ 1 510 |ocman

Total. . __._________..__ d 333 | 95 | 35, 830 I 19, 930

Total liberations of individuals in New Encland, 55,720.

TaBLE 22.—Liberations of Calosoma sycophania outside of the New England States

l Number Number

Years Locality of indl- Years Locality of indi-

' viduals | viduals
1912 to 1918 _____. l Canadal ___._______.. 18
1913 and 1918 California. H 35
4. New Mexi - 200
1915 Colorado - 50
1915 New Yor - 178
1915 . .| Dist